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PREFACE. 


In  preparing  a  new  edition  of  this  text-book,  nearly  half  the  subject- 
matter  has  been  re-written,  and  several  new  sections  have  been 
added.  Many  of  the  old  illusti'ations  have  been  withdrawn,  and  180 
now  appear  for  the  first  time.  Of  these,  the  large  majority  have  been 
drawn  by  Mr.  CoUings  from  photographs.  In  this  way  an  attempt  has 
been  made  to  secure  both  clearness  and  accuracj^  Ten  of  the  new 
illustrations  have  been  taken  from  Ziegler's  "  Pathological  Anatomy  "  : 
for  permission  to  copy  these  my  thanks  are  due  to  Herr  Gustav  Fischer 
and  Messrs.  Macmillan.  I  also  wish  to  acknowledge,  on  Dr.  Mott's 
behalf,  the  courtesy  of  the  London  County  Council  in  permitting  the 
use  of  illustrations  from  their  Archives  of  Neurology. 

Some  increase  in  the  size  of  the  book  has  been  found  unavoidable, 
but  this  is  almost  entirely  due  to  the  greater  number  and  larger  size 
of  the  illustrations,  and  to  the  additional  space  occupied  by  Dr.  Mott's 
valuable  chapter  on  the  "  Pathology  of  the  Nervous  System." 

I  am  indebted  to  many  of  my  friends  and  colleagues  for  suggestions, 
specimens,  and  other  items  of  help.  Among  these  I  should  especially 
mention  Mr.  Stanley  Boyd,  Dr.  Rolleston,  Dr.  Eyre,  Dr.  Pembrey, 
and  Dr.  Manson,  as  well  as  Dr.  Hunter,  who  has  readily  placed  at  my 
disposal  specimens  from  the  Charing  Cross  Hospital  Museum.  To 
Dr.  Bosanquet  my  indebtedness  is  greater  than  I  can  adequately  acknow- 
ledge. He  has  contributed  the  section  on  the  .Etiology  of  Tumours, 
has  supplied  me  with  specimens,  has  assisted  in  the  general  revision  of 
the  work,  and  has  prepared  the  Index.  I  dare  not  think  of  the  many 
inaccuracies,  omissions,  and  obscurities  which  his  knowledge  of  patho- 
logy and  Iiis  skill  in  literary  matters  have  revealed  and  removed. 


April  1900. 


H.  MONTAGUE  MURRAY. 
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INTRODUCTION. 


Anatomy  and  histology  investigate  the  naked-eye  and  microscopic 
structure  of  the  healthy  body ;  physiology  examines  the  functions  of 
the  parts  revealed  by  them,  and  studies  the  chemical  processes  which 
constitute  healthy  life.  To  obtain  a  knowledge  of  disease,  parallel 
courses  must  be  adopted.  At  post-mortem  examinations  we  note  all 
the  naked-eye  departures  from  normal  anatomy ;  with  the  microscoiie 
we  discover  the  finer  changes  to  which  these  departures  are  due  ;  and 
by  experimental  methods  and  bedside  observations  we  investigate  the 
causes  of  the  abnormal  structure  and  function,  their  mode  of  action, 
and  the  nature  and  sequence  of  the  disturbances  which  they  produce. 
In  other  words,  just  as  we  have  anatomy,  histology,  and  physiology,  so 
also  we  have  morbid  anatomy,  morbid  histology,  and  pathologj'. 

Our  guiding  principle  in  modern  pathology  is  that  we  have  to  de  il 
not  with  new  tissue-cells  and  functions,  but  simply  with  disturbances 
of  those  which  normally  exist.  It  is  obvious,  therefore,  that  for  the 
purpose  of  studying  disease,  our  acquaintance  with  the  body  in  health 
cannot  be  too  intimate.  New  forms  of  cell-life,  both  animal  and 
vegetable,  are  frequently  found  within  the  body,  but  these  are  para- 
sitic, introduced  from  without,  and  are  causes,  not  products,  of  disease. 

The  complex  human  organism  can  be  reduced  to  very  simple 
elements — the  cells,  and  the  intercellular  substances  to  which  they  give 
origin.  These  two  elements  make  up  every  tissue.  Sometimes  the 
cells  are  in  excess,  as  in  the  epidermis,  where  they  seem  to  be  in 
absolute  contact ;  and  sometimes  the  intercellular  substance,  as  in  the 
connective  tissues.  It  is  now  universally  believed  that  the  individual 
cell  is  the  seat  of  nutrition  and  function. 

The  functions  of  an  organ  are  the  sum  of  the  functions  of  the  cells 
of  which  it  consists  ;  if  all  the  cells  act  normally  we  say  that  the 
organ  is  sound  ;  and  when  all  the  functions  of  every  organ  and  tissue 
in  the  body  are  normally  performed,  we  describe  the  individual  as 
being  in  perfect  health.  A  very  little  experience,  however,  shows 
that  physiological  functions  vary  within  rather  wide  limits,  the  perfect 
well-being  of  the  individual  being  maintained.  Consequently  our 
standard  of  health  is  no  rigid  one  ;  its  maximum  and  minimum  are 
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widely  separated,  and  these  shade  off"  imperceptibly  into  disease. 
Modern  research  tends  more  and  more  to  show  that  most  jiathological 
processes  differ  only  quantitatively  from  allied  physiological  processes. 

Disease  may  therefore  be  defined  as  "  the  ahiiormal  performance  of 
function  by  one  or  more  organs  or  tissues."  This  applies  to  "  disease  " 
as  a  general  term ;  but  when  we  speak  of  an  individual  disease, 
such  as  tuberculosis,  we  often  include  in  the  connotation  of  the 
term  the  cciuxc  of  such  disease,  that  to  whicii  the  peculiar  disturbances 
of  function  or  structure,  which  distinguish  the  disease  in  question 
from  all  others,  are  due. 

It  is  worthy  of  note,  also,  that  the  maintenance  of  a  physiological 
maximum  or  minimum  must  be  regarded  as  jjathological.  For  example, 
a  man  out  of  training  will  eliminate  much  more  than  the  normal 
amount  of  m-ea  on  the  first  day  of  a  walking  tour,  but  the  average  daily 
elimination  for  the  whole  tour  will  not  vary  from  the  normal.  If, 
however,  the  man  were  to  go  on  excreting  the  maximum  quantity  of 
the  first  day,  his  state  would  be  one  of  disease,  for  his  ingesta  could 
not  maintain  the  balance  of  metabolism. 

VARIETIES  OF  DISEASE.— The  complete  healthy  life  of 
a  cell  'consists  in  the  perfect  performance  of  all  its  functions.  For 
this,  three  things  are  necessary  : — 1st,  that  which  it  inherits — its 
structure  and  vital  energy — must  be  normal ;  2nd,  the  nutriment  it 
receives  must  be  sufficient  and  suitable  ;  3rd,  its  surrounding  conditions 
— pressure,  temperature,  and  connections  with  other  tissues — must  be 
normal.  Failure  in  any  one  of  these  will  lead  to  disease,  and  two 
great  classes  of  diseased  conditions  are  at  once  evident — inherited, 
due  to  abnormality  of  the  first ;  acquired,  due  to  abnormality  of  tlie 
second  and  third. 

Inherited  Disease. — The  tendency  to  inherited  disease  either 
exists  in  the  ovum  at  the  commencement  of  development,  or  is 
acquired  by  the  ovum  in  fertilisation  :  tendencies  formed  later  are 
obviously  acquired.  As  in  normal  development  certain  organs  mani- 
fest their  inherited  tendencies  many  years  after  birth — e.g.,  the 
development  of  the  female  generative  system  at  puberty  and  its 
atrophy  at  the  menopause ;  so  inherited  tendencies  to  disease  may  not 
show  themselves  until  late  in  life,  as  is  the  case  in  cancer  of  the  breast 
or  of  the  uterus.  It  is  possible  that  in  many  cases  the  same  unrecog- 
nised conditions  which  induced  in  a  parent  the  morbid  tendency 
lianded  down,  continue  to  act  on  the  offspring,  until — with  or  without 
some  obvious  exciting  cause — the  disease  becomes  evident.  We 
cannot  say  when  this  tendency  to  disease  begins  :  it  uiay  have  been 
slowly  gaining  strength  for  generations.  The  fact  that  no  jirogenitor 
iiad  the  disease  in  question,  if  he  or  she  lived  well  past  the  age  at 
which  such  disease   usually  m-inifests  itself,  shows  simply  that  the 
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uses  had  not  acted  long  enough  or  with  sufficient  energy  to  produce 
t.  It  is  important  to  recognise  that  even  inherited  disease  lias  its 
starting-point  in  conditions  external  to  the  cells  of  the  bodj'. 

W^ith  regard  to  the  actual  mode  in  which  disease  is  inherited,  it  is 
in  some  cases  probable  that  the  poison,  the  actual  cause  of  the  disease, 
is  present  in  the  ovum  or  spermatozoon,  as  has  been  shown  to  be 
the  case  in  the  silkworm  disease  (Pasteur).  But  how  disease  and 
tendencies  to  diseases  which  are  not  due  to  any  specific  poison  are 
lianded  down,  we  know  no  more  than  how  it  is  that  children  inherit 
the  features  of  their  parents. 

Often,  no  actual  disease  is  inherited,  but  the  power  of  resistance  of 
certain  tissues  against  the  causes  of  certain  diseases  {e.g.,  tubercle)  is 
more  or  less  impaired :  or  the  tissues  degenerate  early,  especially  in 
the  fatty  or  calcareous  manner,  so  that  many  members  of  a  family  may 
die  at  about  the  same  age  from  fatty  heart  or  from  a  ruptured  artery 
{(ipoplexi/). 

Acquired  Disease. — Diseases  occurring  in  an  organism  or  part 
possessed  of  normal  vital  energy  must  necessarily  be  the  result  of 
external  conditions;  the  supply  of  nutriment  is  faulty  either  in 
quantity  or  quality,  or  the  external  conditions  to  which  the  part  is,  or 
has  been,  exposed  are  unsuitable.  It  is  difficult  to  separate  the  two. 
If  the  blood-supply  to  a  part  is  abnormal  in  quantity,  the  temperature 
of  the  part  will  be  changed;  if  a  portion  of  the  body  is  mechanically 
inj  ured,  its  blood-sujiply  becomes  abnormal ;  if  a  poison  excites  fever, 
the  cells  are  exposed  to  a  higher  temperature  than  normal. 

Disease  may  be  acquired  during  intra-uterine  life — e.g.,  vai'iola, 
syphilis,  tuberculosis. 

General  and  Local  Disease. — Any  change  in  external  conditions 
acting  upon  a  unicellular  organism  would  probably  affect  every  particle 
of  its  substance  and  modify  all  its  functions ;  all  its  diseases  would 
therefore  be  general.  But  multiplication  of  cells  and  specialisation 
of  functions  enable  abnormal  conditions  to  act  upon  certain  groups  of 
cells  and  to  disturb  their  functions  without  affecting — primarily,  at 
least — those  of  other  groups.  We  thus  get  local  disease  ;  and  the 
great  majority  of  diseases  belong  to  this  class. 

Structural,  Organic  and  Functional  Disease.— A  disease 
is  referred  to  an  organ  or  tissue  during  life,  by  its  symptoms  and  by 
its  physical  signs;  and,  after  death,  the  localization  is  justified  by 
the  discovery  in  that  part  of  the  same  structural  change  in  every  case. 
This  \^  .structural  or  organic  disease.  Diseases,  in  which  no  visible  or 
chemical  change  has  been  found,  are  sometimes  classed  as  functional ; 
the  belief  being  tliat  in  them  the  functions  of  certain  cells  are  abnor- 
mally  performed,  without  any  structural  change.  Modern  research 
has  greatly  diminished  the  number  of  so-called  functional  diseases  ; 
and  it  is  almost  certain  that  a  very  large  number  of  the  slighter 
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ailments  are  due  to  transient  errors  in  tlie  mehibolism  of  the  cells,  so 
hat  there  is  at  least  a  chemical  change  in  the  affected  tissue. 


y     JETIOLOGY  OF   DISEASE.— The  causes  of  disease  arc 


^livided  into  two  classes — Predisposing  and  Exciting. 
X/"  Predisposing   Causes. — Any   agency  which   tends   to  cause 
I'l'^  departure  from  the  physiological    condition  of  a  function  must  be 
/regarded  as   predisposing  to  disease — e.g.,  privation,  and  frequent 
jt*'  irritation.     Many  such  agencies,  when  acting  more  strongly,  become 
^  ■         excitants  of  disease — i.e.,  cause  a  departure  beyond  the  physiological 
■  ^    limit.    Thus  if  to  normally  acting  ciliated  cells,  detached  from  the 
\  '      body,  a  hot  iron  be  apjaroached,  the  first  effect  will  be  to  increase  or 
stimulate  the  movement  of  the  cilia ;   but  if  the  iron  be  kept  near 
them  long,  or  be  brought  closer,  the  movement  becomes  slower  and 
soon  ceases.    If  the  iron  be  then  removed,  the  cilia  will  after  a  period 
of  quiescence  begin  to  work  agaui— at  first  one  here  and  there,  then 
all — and  may  after  a  time  completely  recover  their  movements.  This 
experiment  of  Lister's  illustrates  a  point  of  fundamental  importance 
in  pathology — the  inherent  power  of  evenj  cell  to  recover  after  injuri/.  It 
shows  for  the  elements  what  every  one  knows  of  the  whole — namely, 
that,  cceteris pcmbits,  a  strong  man  will  recover  from  a  disease  which  would 
be  fatal  to  a  weakly  one.    It  is  certain,  too,  that  the  "  life  "  of  cells 
resists  the  action  of  injurious  agencies  ;  and  that  this  power  of  resist- 
ance varies  not  only  in  different  individaaLs,  but  in  different  tissnes — 
e.g.,  tlie  rabbit's  ear  resists  the  eff'ects  of  anaemia  much  longer  than  a 
knuckle  of  its  intestine,  or  than  the  cortical  cells  in  its  cerebrum. 
Thus  it  is  a  common  observation  that  certain  people,  who  have  not 
suffered  from  an  infectious  disease,  may  even  nurse  those  ill  of  that 
disease  without  themselves   catching   it ;   whilst  others  again  fall 
victims  to  it,  though  not  specially  exposed.    Such  power  of  resisting 
certain  causes  of  disease  does  not  imply  ability  to  resist  others  of  a 
different  nature ;  nor  does  it  necessarily  go  with  muscular  strength. 
It  varies  at  diff"erent  times  in  the  same  individual. 
4.  The  following,  among  others,  may  act  as  predisposing  causes  : 

Age. — The  special  liabilities  of  childhood  are  to  some  extent  ex])lained 
by  supposing  that  the  power  of  resisting  injury,  which  all  cells  possess, 
is  not  fully  developed  until  adult  age  ;  and  those  of  old  age,  by  the 
fact  that  the  vital  powers  are  wearing  out  and  degeneration  occurring. 
Sex. — The  organs  peculiar  to  the  sexes  render  each  liable  to  special 
1       diseases.    Women  are  also  the  special  victims  of  hysteria  and  chlorosis. 
J       We  cannot  explain  the  greater  liability  of  women  to  endemic  and  ex- 
r  'j^lyv^phthalmic  goitre  and  to  myxcedema,  nor  their  comparative  immunity 
^'^   .,_^m  Addison's  disease,  locomotor  ataxy,  and  general  )iaralysis. 

,  Ilereditij.—  lt  has  already  been  stated  that  feeble  vital  power, 

without  actual  disease,  may  be  the  heritage  of  the  body,  or  of  one  oi' 
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its  parts.  It  may  further  be  noted  that,  like  physiological  and  personal 
peculiarities,  disease,  e.g.,  gout,  sometimes  skips  one  or  moi-e  genera- 
tions («/rtiJM7H).  In  other  cases,  as  in  haemophilia  and  pseudo-hyper- 
trophic  muscular  paralysis,  the  disease  appears  generally  in  the  males 
only ;  although  the  females  may,  without  themselves  manifesting  it, 
transmit  it  to  their  offspring. 

Among  the  diseases  Avhich  most  obviously  "run  in  families"  are  :  — 
functional  nervous  disorders,  such  as  hysteria,  neuralgia,  epilepsy,    .^  f-  ^ 
and  insanity,  which  are  more  or  less  interchangeable ;   carcinoma  v<-A>«*— 
especially  of  the  breast  'and  uterus ;  some  simple  growths,  especially  y 
if  multiple  (lipomata,  osteomata,  papillomata) ;  gout  and  tubercular  '  ' 
disease  ;  retinitis  jMgmentosa  and  colour-blindness. 

Exciting  Causes. — These  may  be  arranged  under  the  headings 
of  Abnormal  Blood-sivpplij  and  Abnormal  External  Conditions  j  it  is  also 
necessary  to  include  altered  nerve-injluence,  although  we  do  not  as  yet 
knoAV  much  about  it  (p.  26). 

Abtiormal  Blood-siipplif. — Defects  in  the  blood-supply  may  be  due  to 
errors  in  the  circulation  or  in  the  composition  of  the  blood.  A  defec- 
tive blood-supply  may  result  from  hypersemia  or  anaemia ;  and  from  all 
al)noi*malities  in  the  constitution  of  the  blood,  whether  due  to  faults 
in  its  formation  or  purification,  or  to  the  introduction  of  poisons  or 
j)arasites  from  without. 

Abnormal  External  Conditions. — This  group  includes  injuries  from         ^  ^. 
any  of  the  physical  forces  ;  also  the  results  of  mechanical  obstacles  to  'r  i 

discharge  of  function — e.g.,  stricture  of  a  duct  or  orifice,  strangulation  .  '  i 
of  gut,  pressure,  and  the  mechanical  effects  of  parasites. 

EFFECTS  OF  PREVIOUS  DISEASE  Some  diseases, 

when  they  have  occurred  once,  tend  to  recur  again  and  again.  In  the 
case  of  others,  to  have  suffered  once  is  to  have  secured  practical 
immunity  against  a  second  attack.    (See  Immunity.) 

Certain  other  diseases,  again,  seem  to  modify  very  deeply  the 
functions  of  the  body.  Many  years  after  these  diseases,  it  is  found 
that  illnesses,  Avhich  seem  at  first  sight  to  have  nothing  to  do  with 
them,  yield  only  to  the  treatment  proper  for  the  original  malady. 
Such  are  malarial  fever,  syphilis,  and  gout.  The  poisons  of  the  first 
two  are  probably  still  latent  in  the  body  :  as  to  gout,  though  its  patho- 
logy is  not  yet  fully  made  out,  it  is  possible  that  all  its  manifestations 
are  due  to  the  deposition  of  bi-urate  of  sodium  in  the  tissues  concerned. 

MODES    OF  EXTEISTSION    OF  TilSEASB.—Primari/ 

disease  of  an  organ  or  tissue  is  frecpiently  followed  by  .secondarij  disease 
of  other  parts.    This  may  happen  in  several  ways  : — 

1.  %  direct  spread  of  a  morbid  process,  as  when  inflammation 
I'xtends  from  skin  to  subcutaneous  tissue,  or  when  cancer  of  the 
mamma  invades  the  overlying  skin. 


6 


INTRODUCTION 


2.  By  the  carnage  of  the  caiuses  of  disease  from  a  primary  focm  lo 
parts  at  a  distance. — Thus  organisms  may  be  carried  by  the  lymphalicx, 
and  give  rise  to  inflamed  lymphatic  glands;  pieces  of  clot  may  be 
conveyed  by  the  blood-vessels,  and  produce  embolism ;  and  a  renal 
calculus  may  be  transferred  through  the  ureter  to  the  bladder. 

3.  iH«'A«?;(6Y///_j/,  by  so-called  "  hack-lelling." — Thus  stricture  of  the 
urethra  causes  hypertrophy  of  the  bladder,  if  the  obstacle  to  the  outflow  of 
iu"ine  can  thus  be  overcome;  or  simple  dilatation  of  the  bladder,if  its  efforts 
are  futile.  In  either  case,  the  difficulty  of  entry  of  urine  into  the  bladder 
is  increased,  and  the  uretei-s,  pelves,  and  kidneys  dilate.  Interstitial 
nephritis  results  from  the  pressure,  the  renal  functions  are  imperfectly 
pei'formed,  and  this  is  detrimental  to  the  organism  at  large.  The 
succession  of  changes  which  result  from  incompetence  of  the  mitral 
valves  is  another  familiar  example  of  this  mode  of  extension  of  disease. 
(See  Passive  HyperEemia.) 

4.  Failure  of  any  pari  to  do  its  share  of  work  in  the  economy. — The 
result  of  such  failure  will  depend  upon  the  readiness  and  completeness 
with  which  its  defects  can  be  compensated.  If  the  Avork  can  be  readily 
taken  over  by  other  parts,  as  can  that  of  a  sweat  or  sebaceous  gland, 
nothing  is  noticed  ;  on  the  other  hand,  extirpation  of  a  kidney  which 
was  doing  work,  is  followed  by  a  time  of  danger  from  the  consequent 
interference  with  the  excretion  and  intei'nal  secretion  of  renal  products, 
as  the  other  kidney  is  at  first  unequal  to  the  double  duty.  Absolute 
failure  of  the  cardiac  or  of  the  respu'atory  function  will  cause  death, 
there  being  no  power  of  compensation. 

TERMINATIONS  OF  DISEASE  The  possible  termina- 
tions of  disease  are  recoveiy,  or  return  of  the  part  to  the  discharge  of 
its  normal  functions  ;  partial  recovery  ;  and  death,  or  com^jlete  cessation 
of  function.  Certain  diseases  can  scarcely  be  said  to  have  a  termina- 
tion ;  when  once  established  they  remain  stationary. 

It  will  be  useful  here  to  give  a  list  of  the  morbid  processes  to  which 
all  organs  are  more  or  less  liable  : — 

Developmental  errors.  Necrosis. 

*  *  *  Inflammation. 
Results  of  injury.  Regeneration. 
Displacement.  Hypertrophy. 

Haemorrhage. 

*  »  Tumour-formation. 

*      *      *  ' 

Anaemia. 

Hyperaemia.  Lodgment  of  parasites. 

QJdema.  „   .  ... 

.       ,  Stricture  and  its  consequences  may 

"'P  occur  in  jmy  duct  or  canal;  and  cal- 

Degeneration.  p„]j  ,j^.jy  (]evelop  in  any  of  them. 


CHAPTER  I, 
MALFORMATIONS. 

The  term  malformation  is  applied  to  structural  defects  of  parts  and 
organs,  the  result  of  errors  or  accidents  in  the  process  of  develop- 
ment. 

It  is  customary  to  classify  malformations  into  three  groups  :  (l) 
malformations  by  excess,  (2)  malformations  by  defect,  and  (3)  mal- 
formations by  perversion. 

(1)  Malfontiations  hy  excess  include  all  double  monsters ;  all  repetition 
of  parts  or  of  structures,  e.g.,  supernumerary  fingers  and  toes ;  and  all 
giant-growths,  whether  general  or  local. 

(2)  Malformalions  by  defect  comprise  all  those  due  to  arrest  of 
development.  The  large  majority  of  these  arise  at  an  early  period  of 
embryonic  life.  In  this  group  are  included  dwai'fing  and  the  absence 
or  defective  formation  of  parts,  provided  they  are  due  exclusively  to 
the  arrest  of  normal  processes,  as  in  hare-lip,  cleft  palate,  cleft  sternum 
and  imperforate  anus. 

(3)  Malformations  hy  perversio7i  include  those  congenital  errors  iji 
which  the  process  of  development  is  irregular  and  disorderly.  In  this 
group  are  placed,  among  others,  the  transposition  of  viscera  and  many 
forms  of  congenital  heart  disease. 

This  classification  is,  however,  not  so  useful  as  one  based  upon  the 
normal  order  of  events  which  occur  in  the  course  of  develojjment. 

In  the  space  available  for  this  subject  it  is  not  proposed  to  deal 
with  the  formation  of  double  monsters,  whether  derived  from  two  ova  or 
from  a  single  ovum,  nor  with  such  grave  disturbances  of  develojiraent 
as  may  lead  to  any  of  those  abortive  results  of  impregnation  which  are 
grouped  together  under  the  term  mole. 

A  very  considerable  number  of  the  malformations  commonly  met 
with  depend  on  imperfect  union  in  the  posterior  or  anterior  median 
line  of  the  body. 

Defective  Development  in  the  Posterior  Median  Line.— 

It  will  be  remembered  that  tiie  whole  of  the  central  nervous  system 
is  developed  from  an  invaginated  fold  of  epiblast  known  as  the  neural 
or  medullary  groove,  which  subsequently  becomes  converted  into  a 
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ctinal  and  separated  from  the  orifrinally  adjacent  epiblast  by  a  thin 
layer  of  mesoblast. 

The  grossest  forms  of  malformation  depend  upon  tiie  failure  of  the 
neural  groove  to  form  the  neural  canal.  Thus,  both  cranium  and 
brain  may  be  absent  (aiieiwepha/iix),  and  the  spinal  canal  and  spinal 
cord  may  remain  an  ojien  groove  (open  xpiiiu  bijida).  These  conditions, 
as  well  as  many  other  malformations  of  the  brain,  are  incompatible 
with  life  and  are,  therefore,  of  little  practical  interest. 

A  lesser  degree  of  spina  bifida  often  occurs,  in  which  a  hernial 
protrusion  either  from  the  central  canal  of  the  spinal  cord  or  merely 
from  the  spinal  canal,  combined  with  defective  formation  of  the  arches 
of  the  vertebrsE,  forms  a  central  tumour  in  the  back — usually  in  the 
lumbar  region. 

When  the  tumour  consists  of  a  protrusion  from  the  central  cnnal  of 
iha  spinal  cord,  its  wall  is  lined  internally  by  nerve-roots  and  rudiments 
of  the  spinal  coi-d  {syringonujcloccle).  When  the  protrusion  only 
arises  fi'om  the  spinal  canal,  and  not  from  the  centre  of  the  spinal  cord, 
the  latter  generally  runs  across  the  cavity  and  is  attached  to  the 
middle  of  the  projecting  wall  of  the  pi'otrusion,  giving  rise  to  a  central 
depression  in  the  tumour  when  viewed  from  behind :  thence  it  turns 
back  and,  as  the  Jihim  ierniinale,  reaches  the  canal  again.  In  such 
cases  {imjelomeningocele^,  as  well  as  in  those  which  only  contain  fluid, 
the  wall  of  the  tumour  is  formed  of  the  ordinarj"^  integuments  lined  by 
the  rudimentary  spinal  meninges.  Similar  pouches  may  be  formed  in 
connection  with  defects  in  the  cranium.  The)^  generallj'  arise  from 
the  occipital  region.  They  may  contain  brain-substance  {enccpkalocele), 
or  brain-substance  and  fluid  {encephatomeningocele),  or  fluid  only  (Menin- 
gocele). 

Malformations  of  both  brain  and  spinal  cord  may  also  arise  after 
the  cranium  and  vertebral  column  are  formed.  These  comprise  (l)  a 
uniform  smallness  of  the  brain  (viicrencepknlia')  or  of  the  spinal  cord 
(micro7ni/elia)  in  which  the  former  ma}'^  be  from  two-thirds  to  one-sixth 
its  natural  size ;  (2)  irregular  defects  in  the  corte.K  of  the  brain  in 
which  some  of  the  convolutions  are  absent,  and  others  small  and  thin  ; 
and  (3)  more  or  less  extensive  depressions  or  clefts  in  the  cortex  due 
to  defective  development  and  constituting  the  condition  known  as 
porencephalia.  The  cerebrum  and  cerebellum  are  more  liable  to  mal- 
formations than  the  centi'al  parts  of  the  brain.  The  spaces  resulting 
from  the  defects  in  the  cortical  or  central  parts  occurring  after  the 
iormation  of  the  cranium,  are  filled  up  by  cerebro -spinal  fluid  —  in  the 
ventricles  or  in  the  subarachnoid  spaces,  as  the  case  may  be.  Wiien 
the  defects  are  marked  and  the  quantity  of  fluid  is  large,  the  condition 
is  known  as  congenital  hi/droccp/ialiis~internal,  if  the  fluid  is  in  the 
ventricles,  and  external,  if  it  is  on  the  surface  of  the  brain. 

The  majority  of  instances  of  malformation  are  probably  due  to 


DEFECTIVE  DEVELOPMENT 


y 


primary  developmental  errors.  Injury,  circulatory  disturbances,  and 
premature  sj'nostosis  may  be  the  initial  causes  in  the  rest. 

Defective  Development  in  the  Anterior  Median  Line. — 

Defective  development  and  coalescence  of  the  structiu'es  forming  the 
anterior  median  line  include  a  large  number  of  common  malforma- 
tions. The  imperfect  union  is  generally  attributed  to  some  primary 
geiTninal  defect  or  regarded  as  the  indirect  result  of  amniotic  bands 
and  adhesions. 

If  the  growth  of  the  naso-frontal  and  both  superior  maxillary  plates 
(Fig.  1)  be  defective,  a  large  gap,  involving  upper  lip,  nose,  and 
palate,  will  be  left. 


Fig.  I. — Head  of  Fcetus.  (Semi-diagrammatic,  and  modified  from 
several  illustrations  from  His.)  /.  n.  pr..  Lateral  nasal  process; 
m.  n.pK,  mesial  nasal  process  ;  max.  pr.,  maxillary  process;  i»f. 
max.  pr.,  inferior  maxillary  process;  br.  (a),  br.  (b),  br.  (c),  the 
three  lower  branchial  arches.    (Waterhouse. ) 

If  the  defect  be  confined  to  the  failure  of  coalescence  on  the  part  of 
the  naso-frontal  and  one  maxillary  plate,  a  cleft  in  the  upper  lip 
{hare-lip)  will  be  produced  on  the  corresponding  side  of  the  mid-line. 
If  the  coalescence  of  the  maxillary  plates  and  corresponding  soft  parts 
to  fornti  the  palate  be  incomplete,  a  central  cleft  {cleft  palate)  will 
occur  in  the  posterior  part  of  the  roof  of  the  mouth.  In  extreme 
cases,  when  the  cleft  is  wide  and  extends  far  forwards,  the  lower  part 
of  the  naso-frontal  process  may  be  seen  forming  a  narrow  central 
l)late  partly  filling  up  the  cleft  between  the  maxillary  processes.  In 
the  majority  of  instances  both  of  hare-lip  and  of  cleft  palate,  only  the 
soft  parts  are  defective.  Very  rarely,  a  median  cleft  in  the  lower  lij) 
and  even  in  the  lower  jaw  may  arise  from  the  defective  union  of  the 
inferior  maxillary  processes. 

Minute  fistula;  in  the  neck  connecting  the  surface  of  the  skin 
in  front  of  the  sterno-inastoid  with  the  pharynx,  may  result  from 
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imperfect  closure  of  tlie  bninchinl  clefts  (Fig.  1 ).  Fissures  may  also 
occur,  from  somewhat  analogous  causes,  in  the  sternum,  in  the 
diaphragm,  and  in  the  sides  of  the  thorax. 

The  parts  concerned  in  the  formation  of  the  umbilical  cord  furnish 
many  malformations.  A  persistent  urachus  may  lead  to  a  vesical  fistula, 
and  its  imperfect  obliteration  to  a  cyst  in  the  urachal  cord  which  then 
connects  the  umbilicus  and  bladder.  In  the  same  way  a  persistent 
omphalo-mesenteric  duct,  which  connects  the  yolk-sac  with  the 
alimentar}'  tract,  may,  in  similar  fashion,  give  rise  to  an  intestinal 
fistula.    In  most  cases,  however,  the  persistent  duct  merely  consists  of 


Fig.  2. — Meckel's  Diverticulum,    a,  umbilicus;  6,  impervious  fibrous 
cord  ;  c,  diverticulum  ;  d,  ileum  below  diverticulum. 


a  pouch  arising  from  the  ileum  opposite  the  mesenteric  attachment 
about  three  feet  above  the  ileo-csecal  valve.  This  pouch  is  similar  in 
structure  to  the  rest  of  the  adjacent  intestine  and  generally  forms  a 
simple  cul-de-sac  two  or  three  inches  long  (Meckel's  Diverticulum), 
constituting  one  of  the  commonest  malformations  in  the  body. 
More  rarely  it  may  attain  a  length  of  six  inches  or  upwards,  and 
be  connected  by  a  fibrous  band  with  the  umbilicus  (Fig.  2);  only 
in  very  exceptional  cases  does  it  extend  to  the  umbilicus  as  a  jjatent 
tube,  and  give  rise  to  a  fistula.  A  pouch  of  peritoneum  may  project 
into  the  umbilical  cord  giving  rise  to  a  hernia. 

Fissures  in  the  abdominal  wall  are  generally  situated  below  the 
umbilicus.  If  the  lateral  plates  are  defective,  amnion,  peritoneum, 
and  anterior  wall  of  bladder  may  give  way,  and  the  mucous  surface  of 
the  posterior  wall  of  the  bladder,  with  the  openings  of  the  ureters. 
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project  on  the  surface  (extroversio  vesicae).  The  urethra  may  remain 
unclosed,  appearing,  in  the  male,  as  a  groove  along  the  dorsum 
of  the  penis  {epispadias),  and  this  condition  may  be  associated 
with  absence  of  the  symphysis  pubis  and  extroversion  of  the 
bladder.  A  commoner  deformity  is  a  defective  development  of  the 
penis,  in  which  that  organ  is  small  and  grooved  on  its  under  surface. 
The  ui'ethra  may  open  at  the  root  of  the  penis,  at  the  base  of  the 
glans,  or  at  any  point  between  these.  To  these  deficiencies  are  added 
undescended  testicles  and  a  cleft  scrotum  somewhat  resembling  the 
labia  majora  of  the  female.  This  general  defective  development  of  the 
generative  organs  is  known  as  hypospadias,  although,  strictly  speaking, 
the  term  should  be  limited  to  the 
urethral  malformation. 

When  the  ordinary  invagination  of 
the  skin  to  form  the  anus  does  not 
occur,  or  more  commonly  when  the 
hind-ffut  is  too  short  to  communicate 
with  the  more  or  less  completely  in- 
vaginated  portion  of  the  skin  an  im- 
perforate anus  results.  The  walls  of 
the  hind-gut  and  of  the  invaginated 
anus  may  lie  in  close  contact,  or  may 
be  separated  by  an  interval  of  several 
inches  (Fig.  3). 

Occasionally  the  hind-gut  maybe  Y^g.  ■i.— Imperforate  anus.  <?,  rectum  ; 
incompletely  differentiated  from  the       fibrous  cord  connecting  imperfectly 

...  .  •       i     ii         developed  rectum  and  invaginated 

genito-urmarv  apparatus  owing  to  the      , .        , . 
°  .7    z  r  &  5l^,n  ;  c,  skin. 

imperfect  involution  of  the  allantois, 

but  in  such  cases  the  foetus  rarely  attains  maturity. 

Miscellaneous  Defects. — The  commonest  and  least  important 
malformation  of  the  kidney  is  an  irregularity  of  the  surface  due  to  the 
persistence  of  the  original  lobulations,  marking  the  position  of  the 
pyramids — a  normal  condition  in  the  ox  and  many  other  mammals. 

Occasionally  the  lower  ends  of  the  kidneys  are  found  united  across 
the  bodies  of  the  vertebrae  so  as  to  form  a  horseshoe-shaped  organ. 
The  connection  may  be  effected  either  by  fibrous  tissue  or  by  ordinary 
renal  tissue.  In  nearly  all  cases  of  horseshoe  kidneys  the  ureters  pass 
downwards  over  the  anterior  surface,  while  the  arrangement  of  the 
blood-vessels  is  generally  somewhat  unusual. 

The  pelvis  of  the  kidney  may  be  subdivided,  and  the  ureter  may 
be  double  at  its  upper  part  or  even  throughout  its  whole  length. 

On  rare  occasions  the  development  of  one  kidney  may  be  so  far 
interfered  with  that  it  is  at  birth  represented  by  a  mere  fibrous  plate  ; 
while  the  opposite  kidney  is  double,  or  nearly  double,  its  normal  size. 

Neither  liver  nor  lungs  are  liable  to  any  important  developmental 
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errors,  luiless  the  dilatation  of  the  neighbouring  broncliial  tubes, 
which  results  from  the  inefficient  expansion  of  any  part  of  the  lung  at 
birth  (atc/ccldxix),  be  regarded  as  a  malformation.    (See  ronchiectasis.) 

Malformations  of  the  limbs  are  numerous  and  varied.  Those  due 
to  excess  take  the  form  of  giant-growth,  in  which  all  the  tissues  of  a 
limb  may  be  concerned  ;  or  of  additional  parts,  as  in  supernumerary 
fingei-s  or  toes  (Fig.  4)  and  "  webbing  "  of  fingers  or  toes.    These  two 

latter  deformities  are  fre- 
quentlj^  found  together, 
and  are  often  hereditary, 
occurring  in  different 
members  of  a  family. 

The  absence  of  limbs 
may  be  due  to  germinal 
defects,  or  to  intra-uterine 
amputation  by  amniotic 
bands  at  an  early  period 
of  development.  When 
hands  and  feet,  however 
imperfect,  exist  without 
the  intermediate  parts, 
the  defect  is  always  ger- 
minal. 

Congenital  disloca- 
tions, especially  of  the  hip- 
joint,  are  not  infrequent 
and  are  associated  with 
defective  formation  of  the 
joints  concerned. 

The  various  forms  of 
congenital  club-foot  are 
accompanied  bydefects  in 
the  formation  of  the  tarsal' 
bones,  especially  of  the  as- 
tragalus, and  are  possibly 
of  a  mis-shapen  uterus. 


Fig.  ^.—Foot  with  seven  toes.  The  first  two  metatarsal 
hones  articulate  with  the  internal  cuneiform  bone. 
The  third  toe  has  only  two  phalanges  and  arises 
from  the  second  metatarsal  bone,  the  distal  end  of 
w  hich  is  bifurcated. 


due  to  the  pressure  exerted  by  the  walls 

They  are  occasionally  associated  Avith  corresponding  cerebral  defects. 

Malformations  of  the  Heart  will  be  considered  in  the  chapter 
dealing  with  diseases  of  that  organ. 
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CHAPTER  II. 

NUTRITION  ARRESTED. 
NECROSIS. 

The  complete  and  permanent  arrest  of  nutrition  in  a  part  constitutes 
necrosis,  gangrene,  or  local  death. 

.ffiTIOLOGY. — Whatever  interferes  with  the  supply  of  nutritive 
material  to  a  part,  or  destroys  the  vital  activity  of  its  cellular  elements, 
may  cause  its  death. 

A.  Interference  avith  the  Supply  of  Nutritive  Material. — Such 
interference  may  be  the  result  of : 

1.  Obstruction  in  the  Arteries. — This  is  a  common  cause  of 
neci-osis.  The  obstruction  may  be  caused  by  compression,  by  ligature, 
by  rupture,  by  thrombosis,  by  embolism,  or  by  disease  producing 
thickening  of  the  arterial  coats,  and  consequent  narrowing  of  the 
lumen  of  the  vessel.  If  the  obstruction  be  complete  and  a  collateral 
circulation  cannot  be  established,  death  of  the  part  quickly  ensues. 

2.  Obstruction  in  the  Capillaries. — Obstruction  is  often  the 
result  of  pressure  upon,  or  stretching  of,  these  vessels.  This  may  take 
place  from  the  accumulation  of  inflammatory  products,  or  of  extrava- 
sated  blood,  or  from  the  pressure  exercised  by  new  growths.  The 
resulting  obstruction  to  the  capillary  circulation  causes  the  death  of 
the  immediately  adjacent  tissues.  As  examples  of  necrosis  from  this 
cause  may  be  mentioned  :  necrosis  of  the  superficial  layers  of  the  bone 
resulting  from  periostitis,  and  due  to  the  compression  of  the  capillaries 
between  the  bone  and  the  periosteum ;  the  sloughing  of  tendons  in 
whitlows  before  the  latter  are  opened;  and  the  formation  of  ordinary 
•bedsores.  When  inflammation  causes  gangrene,  this  result  is  aided  by 
tlie  stasis  which  occurs  in  the  capillai-ies.  Coagulation  of  blood  takes 
place  in  the  vessels  of  the  necrosed  tissue,  and  thus  hsemorrhage  from 
gangrenous  parts  is  prevented. 

3.  Obstruction  in  the  Veins. — Obstruction  to  the  return  of 
blood  by  the  veins  is  seldom  complete  enough  to  arrest  nutrition,  and 
is  therefore  rarely  a  cause  of  necrosis.  It  is  when  associated  witli 
cardiac  weakness  or  obstruction  in  the  arteries  that  it  constitutes  an 
important  agent  in  producing  this  result ;  for  then  the  force  necessary 
to  drive  the  blood  on  through  tlie  mucli  narrowed  venous  channel  is 
quite  inadequate.  Gangrene  due  to  these  combined  causes  occurs 
after  ligature  of  a  main  artery  and  its  vein,  and  may  follow  accidental 
injury  of  the  vein  during  the  operation  of  ligature  of  a  large  artery. 
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especially  in  the  thigh.  It  may  also  result  from  constriction  of  a  part 
by  a  bandage  not  tight  enough  to  occlude  the  arteries  as  well. 

When  a  strangulated  or  invaginated  piece  of  intestine  is  released 
and  the  circulation  is  re-established  before  gangrene  has  occurred, 
severe  inflammation,  leading  to  gangrene,  may  ensue.  It  is  of  practical 
imj3ortance  to  note  that  injlainmalion  sets  in  only  on  re-eslaUiihwenl 
of  the  circulation.  A  much  contused  and  lacerated  part  may  ultimately 
be  killed  because  the  pressure  of  the  effusion  from  its  injured  vessels 
still  further  impedes  the  flow  through  them. 

4.  Diminished  Cardiac  Power. — This  is  never  by  itself  a  suffi- 
cient cause  of  neci'osis.  In  cases,  however,  of  excessive  general 
debility,  or  of  disease  of  the  cardiac  substance,  the  consequent  diminu- 
tion in  the  contractile  power  of  the  heart  matei-ially  aids  the  foregoing 
causes  in  producing  a  fatal  blood-stasis.  The  arrest  of  the  circulation 
in  senile  gangrene  (p.  17),  and  in  that  form  which  so  often  occurs 
in  the  tissues  of  the  back  in  prolonged  fever  and  in  chronic  exhausting 
diseases,  is  in  part  the  result  of  diminished  cardiac  power.  This  arrest 
in  the  last-named  conditions  is  usually  determined  by  some  injurious 
irritation  of  the  tissue — in  other  words,  it  is  a  part  of  an  inflammatory 
process. 

B.  Destruction  of  the  Vital  Activity  of  the  cellular  elements 
may  be  caused  by  : 

Physical  and  Chemical  Agencies. — A  part  may  be  completely 
disorganised  and  lose  its  vitality  as  the  result  of  external  violence, 
excessive  heal,  or  extreme  cold.  Many  corrosive  chemicals,  such  as  acids 
and  caustic  alkalies,  destroy  the  life  of  cells.  Putrid  urine  or  foul  secre- 
tions from  wounds  will  sometimes  destroy  the  cells  like  a  caustic. 
Certain  diseases  have  a  special  tendency  to  cause  necrosis,  e.g.,  diph- 
theria, carbuncle,  noma,  "hospital  gangrene,"  and  spreading  traumatic 
gangrene.  In  these  conditions  the  injury  to  the  tissues  is  due  to  the 
chemical  action  of  bacterial  products. 

These  are  the  several  causes  of  necrosis  ;  but  it  must  be  borne  in 
mind  that  the  process  is  often  complex,  and  due  to  the  combined 
influence  of  two  or  more  of  them.  The  liability  to  necrosis  Avill  greatly 
depend  also  upon  the  power  of  the  tissues  to  resist  injurij.  This  varies, 
probably,  in  different  individuals,  and,  certainly,  in  different  tissues 
in  the  same  individual  — intestine,  for  example,  being  nuich  less  resis- 
tant to  injury  than  skin,  and  glandular  epithelium  than  connective - 
tissue.  Conditions  which  would  leatl  to  the  death  of  a  part  in  which 
the  circulation  was  already  impeded,  or  in  which  the  vitality  of  the 
cellular  elements  was  impaired,  would  j)roduce  no  such  effect  where 
such  local  weakness  did  not  obtain.  This  is  well  exemplified  by  senile 
gangrene  ;  by  the  formation  of  ulcers  near  varicose  veins  in  the  legs ; 
and  by  the  necrosis  of  the  tissues  of  the  back  from  pressure,  which  so 
often  occurs  in  conditions  of  debility,  esj)ecially  in  persons  who  are 
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lethargic,  heavy,  and  imperfectly  conscious.  For  similar  reasons,  tlie 
diabetic,  the  albuminuric,  and  the  intemperate  are  peculiarly  liable  to 
gangrene. 

VARIETIES. — These  generally  follow  one  of  two  types  known 
as  dry  and  moist  gangrene  respectively.  There  are  three  conditions 
which  mainly  determine  into  which  of  these  two  varieties  a  given 
instance  will  fall.  These  are  (1)  the  amount  of  fluid  which  the  tissues 
involved  naturally  contain  ;  1(2)  the  extent  to  which  the  vessels  of 
the  part  affected  are  engorged  with  blood,  and  the  amount  of  fluid 
which  is  therefore  present  at  the  time  ;  and  (3)  the  ra2iidity  of  the 
evaporation  from  the  surface. 

Dry  gangrene  {viummi/iccdion)  will  therefore  occur  in  those  parts 


Fig.  5. — Senile  Gangrene  of  the  Great  Toe  from  a  case  of  arterial  throm- 
bosis. The  toe  is  shrunken  and  its  epidermis  is  being  exfoliated.  At 
the  line  of  demarcation  the  skin  has  retracted  (a)  and  the  deeper  parts 
are  separating  {b). 

in  which  the  tissues  naturally  contain  but  little  fluid,  such  as  bone, 
cartilage,  and  tendon.  It  will  also  be  frequently  associated  with  such 
obstructions  of  the  arteries  as  may  occur  without  any  corresponding- 
interference  with  the  circulation  in  the  veins  and  lymphatics.  Dry 
gangrene,  therefore,  may  result  from  embolism,  from  slowly  progress- 
ing arterial  thrombosis,  and  from  the  prolonged  administration  ol' 
ergot.  Again,  free  exposure  to  dry  air,  slow  progress,  and  the  destruc- 
tion of  the  epidermis  will  all,  by  i)romoting  or  permitting  evaporation, 
aid  in  producing  dry  gangrene.  Under  these  circumstances,  the  \nw\., 
which  is  pale  from  the  first,  gradually  dries  up  and  becomes  converted 
into  a  dark,  shrunken  mass,  undergoing  but  little  further  change. 
The  conditions  obtaining  in  dry  gangrene  are  precisely  those  which 
render  the  growth  of  organisms  almost  imjjossible  (Fig.  5). 
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Moist  Gangrene. — Under  oj)posite  circumstances,  a  ])art,  con- 
sistiiig-  largely  of  nuiscle  and  other  soft  structures,  may  become  rapidly 
gangrenous,  either  from  an  acute  inflammation,  or  from  venoas 
obstruction  combined  with  a  weak  arterial  supply.  When  this  happens, 
its  tissues  are  gorged  with  an  albuminous  fluid  full  of  breaking-down 
red  blood-corpuscles.  The  haemoglobin  of  these  forms  a  red  solution 
which  soaks  into  and  stains  all  the  tissues.  The  part  is  much  swollen, 
of  purplish  colour,  and  often  studded  with  bullae  containing  blood- 
stained fluid.  If  such  a  part  is  exposed  to  warm,  moist  air,  septic 
bacteria  quickly  grow  through  the  skin,  multiply  rapidly  in  the  highly 
putrescible  fluid,  and  generate  by  their  action  gases — chiefly  sulphu- 
retted hydrogen,  ammonia,  niti'ogen,  and  carbon  dioxide — which  give 
rise  to  the  emphysematous  crackling  so  often  associated  with  gangrene. 
The  tissues  soften  and  liquefy,  the  whole  part  becomes  exceedingly 
offensive,  and  its  tissues  change  in  colour  fi'om  reddish  to  brownish  or 
greenish  black.  For  putrefaction  to  occur  it  is  absolutely  essential  that 
septic  bacteria  be  admitted  to  the  part;  consequently  such  changes 
are  met  with  chiefly  in  external  parts  or  in  those  internal  parts  to 
which  organisms  have  free  access. 

When  the  life  of  an  internal  organ  or  part  is  destroyed  and  bacteria 
ai-e  not  admitted  to  it,  as  in  simple  infarction,  its  tissues  subsequently 
undergo  degenerative  fatty  changes,  and  are  ultimately  in  great 
measure  absorbed. 

COURSE. — Gangrene  may  be  circumscribed  or  spreading. 

Circiimscrihed  gangrene  implies  a  circumscribed  cause.  This  form  is 
exemplified  by  the  death  of  tissue  I'esulting  from  mechanical  violence, 
the  actual  cautery,  or  complete  stoppage  of  the  circulation.  On  the 
other  hand,  spreading  gangrene  implies  a  spreading  cause.  Gangrene 
from  arterial  thrombosis  spreads  slowly,  as  the  thrombus  spreads  and 
involves  other  vessels,  and  has  a  well-defined  margin.  The  typical 
spreading  gangrenes  are  those  in  which  the  action  of  organisms  on  the 
fluids  of  the  part  constantly  provides  fresh  quantities  of  the  irritant. 

When  the  process  becomes  circumscribed,  the  dead  tissue — sphacelus 
or  slough — acts  as  an  irritant  to  the  adjacent  living  structures,  causing 
more  or  less  inflammation  in  them.  If  the  slmigh  is  aseptic,  the 
inflammation  is  slight — leading  merelj'  to  the  formation  of  a  layer  of 
fibroid  tissue  round  the  dead  mass.  This  occurs  especially  in  internal  parts, 
and  is  best  illustrated  by  the  usual  fate  of  a  small  sim))le  infarct.  When 
thus  encapsuled  the  dead  part  ceases  to  irritate;  it  becomes  decolourised, 
fatty,  infiltrated  with  phagocytes  which  absorb  the  fatty  detritus,  and 
is  ultimately  converted  into  a  small  fibrous  scar,  which  may  calcify. 

When  the  slough  is  superficial  it  generally  putrefies  and  becomes 
strongly  irritant ;  but  munnnification  will  minimise  this.  Inflamma- 
tory reaction  occurs  freely  in  the  narrow  zone  of  liimig  tissue  {line  n/' 
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demarcation)  surrounding  the  edges  and  base  of  the  slough ;  fibres  and 
all  firm  connections  between  the  living  and  dead  tissues  are  softened 
and  eaten  through  ;  and,  finally,  when  this  j^i'ocess  is  complete,  the 
slough  is  cast  ofl'  by  suppuration  occurring  along  the  line  of  demarca- 
tion. If  the  whole  thickness  of  a  limb  die,  the  stump  left  by  casting 
off  the  sphacelus  will  be  conical ;  for  the  soft  parts  retract  somewhat, 
and  the  bone  separates  lower  down.  The  less  vascular  a  tissue,  the 
longer  will  be  the  time  occupied  in  the  separation — e.g.,  fascia,  tendon. 


Fig.  6.  —A  nccivstul  patch  in  the  Myocardium.  At  [d]  where  the  muscle-fibres 
have  di  appeared,  the  structure  consists  of  the  conneciive-iissue  stroma, 
and  the  dibris  of  necrosed  muscle-fibres.  .At  oiher  places  engtorged 
blood-vessels  and  e.xtravasated  blood  (b,  c)  are  seen.  The  muscle-fibris 
remaining  ((?)  have  lost  tlieir  striation.     x  150. 


bone.  If  the  dead  mass  be  deeply  seated,  and  suppuration  occur 
about  it,  fistula;  will  form,  leading  from  it  to  the  surface.  Through 
one  or  more  of  these,  it  may  ultimately  be  east  off,  as  in  necrosis  of 
bone.    After  removal  of  the  slough,  an  ulcerated  surface  is  left. 

Senile  Gangrene. 

This  is  a  form  of  necrosis  which  affects  especially  the  lower  c.\- 
tremities  of  old  people,  and  is  the  result  of  several  of  those  a^tiological 
conditions  which  li.ivc  .ilrcidy  been  enumerated. 

u 
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The  most  important  element  in  the  production  of  senile  gangrene 
is  tile  presence  of  (il/icrumaloiis  or  calcarvoiis  changes  in  the  urieries  of  tlie 
limb,  which  greatly  diminish  the  elasticity  and  calibre  of  these  vessels, 
and  proj)ortionately  impair  the  circulation  in,  and  nutrition  of,  the  part. 
This  is  shown  by  the  coldness  of  feet,  cramps,  and  other  abnormal 
sensations  so  often  experienced  by  the  j^atient  for  some  time  before 
the  gangrene  sets  in.  The  slowing  of  the  circulation  is  usually  much 
increased  by  defective  action  of  the  heart  due  to  atrophy  or  degenera- 
tion of  its  muscular  substance.  Thus  the  contact  of  the  blood  with 
an  abnormal  vessel-wall  is  prolonged,  and  this  is  sometimes  sufficient 
to  cause  the  formation  of  a  thrombus  in  the  arter)'.  (See  Thrombosis.) 
The  clot  thus  formed  spreads  slowly  until  it  may  extend  from  the  foot 
to  the  groin.    Dry  gangrene  gradually  supervenes.    This  begins  in  one 


Fig.  7. — Necrosis  of  the  Kidney  from  embolism,  in  a  case  of  aneurysm  oj 
the  abdominal  aorta.  One  of  several  small  yellowish  white  patches 
which  were  scattered  through  the  cortices  of  the  organs.  The  cells  of 
the  tubules  are  necrosed  and,  therefore,  unstained,  but  the  connective- 
tissue  cells  have  taken  the  stain.  The  dark  masses  are  red  blood- 
corpuscules.     x  200. 

toe  or  in  several  simultaneously,  and  extends  slowly.  It  is  often 
surprisingly  limited  ;  and  even  where  the  thrombus  extends  into  the 
popliteal  artery,  part  of  the  foot  may  escape.  In  other  cases,  embolism 
with  superadded  thrombosis  may  be  the  starting-point — a  chalky  plate 
or  a  parietal  thrombus  being  swept  from  a  large  into  a  smaller  artery. 

The  exciting  cause  of  the  gangrene  is  often  some  trivial  injur}', 
such  as  a  slight  abrasion  of  the  foot,  the  cutting  of  a  corn,  or  some 
€xcess  ot  heat  or  cold,  acting  upon  feebly  nourished  tissues  supplied 
by  diseased  vessels. 

CoagTilation  Necrosis. 

This  is  a  term  a])|)lied  to  a  j)eculiar  form  of  sudden  tissue-death. 
The  cells  in  dying  seem  to  give  rise  to  some  substance  or  substances 
which  unite  with  the  lymph  and  cause  an  apparent  coagulation  of  the 
<lyiiig  cells.    Microscopically,  the  nucleus  disappears,  and  the  contents 
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of  the  cell  are  replaced  by  a  structureless  hyaline-looking  material. 
Fatty  degeneration  subsequently  sets  in.  The  process  may  be  the 
result  of  bacterial  action.  It  only  occurs  in  jwts  freely  supplied  with 
lymph,  and  is  never  fomid  in  the  brain  (Fig.  7). 

Colliquative  necrosis  is  the  term  employed  when  the  dead 
tissues  do  not  coagulate  but,  as  in  the  case  of  the  brain,  soften  and 
liquefy.  The  cerebro-spinal  fluid  is  non-coagulable,  and  necrosis  in 
the  brain  is  colliquative  from  the  first.  In  acute  pneumonia  it  follows 
coagulation,  and  is  due  to  bacterial  products. 

Fat  Necrosis. 

Under  the  name  of  fat  necrosis  a  peculiar  change  occurring  in  fat 
has  been  described.   It  consists  in  the  formation  of  opaque  white  areas. 


Fig.  8. — Fat  Necrosis.  The  abrupt  transition,  from  the  healthy  cells  on 
the  left  to  the  necrosed  cells  on  the  right,  is  well  marked.  The  con- 
tents of  the  affected  cells  are  finely  granular.    (Rolleston.)    x  220. 

half  an  inch  or  less  in  diameter.  These  ai-e  of  firm  consistence,  and 
are  scattered  through  otherwise  normal  fat.  They  stain  with  osmic 
acid,  and  melt  on  the  application  of  heat.  Under  the  microscope  the 
contents  of  the  affected  cells  are  either  crystalline,  or  opaque  and 
granular.  The  transition  from  diseased  to  healthy  cells  is  abrupt 
(Fig.  8).  The  surrounding  parts  are  occasionally  infiltrated  with 
leucocytes.  Fat  necrosis  is  most  frequently  encountered  in  the  sub- 
peritoneal fat,  but  is  occasionally  met  with  elsewhere 

Many  explanations  of  this  change  have  been  offered.  According 
to  Balser  and  Zenker  it  is  a  primary  neci'osis  of  fat,  following  its 
excessive  growth,  and  occurring  therefore  in  fat  people.    Balser  also 
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noted  its  association  with  haemorrhage  in  tlie  neighbourhood  of  the 
pancreas  and  surrounding  parts.  Eangerhans  attributes  it  to  tlie 
destructive  action  of  steapsin  absorbed  from  the  intestine.  Fitz, 
recognising  tlie  frequency  with  which  it  is  associated  with  pancreatitis, 
considers  that  it  is  due  to  the  spread  of  inflammation  from  the  pancreas 
itself.  Rolleston  draws  attention  to  the  occurrence  of  the  change  in 
conditions  due  to  sevei'e  disturbance  of  the  abdominal  symjjathetic. 
He  points  out  that  in  acute  lesions  of  the  pancreas  the  solar  plexus 
is  likely  to  be  involved^  and  suggests  that  "  fat  necro.sis  "  should  be 
regarded  as  a  disturbance  due  to  some  affection  of  the  abdominal 
sympathetic.  It  has  more  recently  been  atti'ibuted  bj'  many  observers 
to  bacterial  action,  several  oi-ganisms,  notably  the  bacillus  coll  communis, 
having  been  found  in  the  necrotic  areas. 

POST-MORTEM  CHANGES. 

The  changes  which  always  occur  in  tissues  after  death  must  now  be 
considered  more  particularly.  The  blood  undergoes  the  earliest  and 
most  rapid  change.  The  liEemoglobin  escapes  from  the  red  corpuscles, 
parti}'  by  exudation,  and  partly  by  the  destruction  of  the  corpuscles 
themselves,  and,  dissolved  in  the  liquor  .sanguinis,  permeates  the 
surrounding  tissues.  The  corpuscles  ultimately  disappear,  nothing 
remaining  but  a  few  minute  granules.  The  staining  of  the  tissues  with 
haemoglobin  is  commonly  known  as  post-mortem  staining,  and  the 
appearances  it  presents  are  very  characteristic.  The  lining  membrane 
of  the  heart  and  of  the  blood-vessels,  being  in  immediate  contact  with 
the  blood  after  death,  are  the  parts  principally  affected.  The  dissolved 
hajmoglobin  also  soaks  through  the  walls  of  the  veins,  thus  giving  rise, 
on  the  surface  of  the  skin,  to  red  lines  which  mark  the  position  of  the 
vessels  lying  beneath.  The  staining  is  of  an  uniform  pinkish-red 
coloui',  thus  differing  from  the  punctiform  and  linear  redness  of  hypei*- 
iEmia,  from  which  it  must  be  carefully  distinguished.  The  amount  of 
staining  is  in  proportion  to  the  rapidity  with  which  decomposition  has 
taken  place,  and  to  the  amount  of  blood  contained  in  the  part  at  the 
time  of  deatli.  Marked  staining  of  the  endocardium  and  great  vessels 
occurs  very  rapidly  after  death  from  septictemia. 

Poxl-muiiciii  stain'uig  must  be  distinguished  from  post-mortem 
discoloration.  The  latter  is  a  purplish  colour  seen  in  dependent 
parts  which  are  not  pressed  upon,  and  is  due  to  the  gravitation  of 
fluid  blood  into  the  vessels  of  these  parts.  It  disap))ears  if  the  body 
be  turned  over. 

In  nniscle  the  arrest  of  nutrition  is  accompanied  by  a  state  of 
rigidity  known  as  rigor  mortis.  This  is  a  peculiar  condition  of  the 
muscles  observed  in  almost  all  bodies  after  death,  in  which  the}' 
become  finn  and  somewhat  shortened,  as  though  in  a  state  of  permanent 
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contraction.  It  comes  on  as  soon  as  the  muscles  have  lost  their 
irritability — i.e.,  their  capability  of  responding  to  artificial  stimulation  ; 
in  other  words,  as  soon  as  the  nutritive  processes  have  completely 
ceased.  The  time  of  its  appearance  will  therefore  de])end  upon  the 
state  of  nutrition  of  the  muscles  at  the  time  of  death  ;  the  more 
healthy  and  vigorous  this  is,  the  longer  will  be  the  interval  before 
nutritive  processes  completely  cease,  and  consequently  the  longer 
before  rigor  mortis  supervenes.  Its  duration  and  its  intensity  are  in 
direct  proportion  to  the  lateness  of  its  appearance.  In  ])eople,  for 
example,  who  are  in  perfect  health  and  die  suddenly,  as  from  accident, 
the  rigor  mortis  does  not  usually  come  on  until  from  ten  to  twenty- 
tour  hours  after  death  :  it  is  very  mai-ked,  and  often  lasts  two  or  three 
days.  In  those,  on  the  other  hand,  who  die  from  some  exhausting 
disease,  as  from  chronic  phthisis,  in  which  the  nutrition  of  the  muscles 
has  become  much  impaired,  the  rigor  mortis  appears  very  soon,  some- 
times as  early  as  ten  minutes  after  death  ;  it  is  very  slight,  and  may 
pass  off  in  less  than  an  hour.  It  has  been  said  that  in  cases  of  death 
from  hghtning,  and  from  some  of  the  severer  forms  of  the  adynamic 
levers  the  rigor  mortis  is  entirely  absent.  It  is  doubtful,  however,  if 
tliis  is  the  case :  the  rigor  mortis  has  ^jrobably  escaped  observation, 
owing  to  its  early  supervention  and  rapid  disappearance. 

With  regard  to  the  nature  of  the  change,  Kiihne  and  others  have 
shown  that  it  is  really  owing  to  the  coagulation  of  the  muscle-plasma 
and  the  formation  of  a  jiroteid  clot — myosin.  I'he  coagulation  is 
attended  by  the  liberation  of  a  free  acid  (sarcolactic).  Thus  are 
j)r()duced  the  firmness,  hardness,  and  opacity  of  the  muscle  which  are 
together  characteristic  of  rigor  mortis.  This  change  is  not  confined  to 
voluntary  muscle;  a  similar  coagulation  of  the  protoplasm  takes  place 
after  death  in  all  involuntary  muscle-fibres. 

As  soon  as  decomposition  commences,  rigor  mortis  disappears. 
The  transverse  striation  of  the  fibres  then  becomes  indistinct,  and 
gives  place  to  irregular  rows  of  granules  and  fat-molecules.  In  the 
meantime  the  muscle  softens,  its  sarcolemma  disappears,  and  ultimately 
nothing  remains  but  a  soft  structureless  debris.  In  adijiose  tissue,  the 
cells  diminish  in  size,  owing  to  the  escape  of  the  fluid  fat,  which 
diffuses  itself  throughout  the  surrounding  structures.  The  fibres  of 
tiie  connective-ti.ssue  swell,  become  o])aque,  and  ultimately  liquefy. 
In  nerve-fibres,  the  white  substance  of  Schwann  coagulates  and  collects 
into  small  drops  within  the  neurilemma.  Cartilage,  bone  and  liair  resist 
tlie  putrefactive  i)rocess  longer  than  any  of  the  other  tissues,  and  are 
tlie  lea.st  altered  by  it. 
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CHAPTER  III. 
NUTRITION  IMPAIRED. 

It  has  been  shoAvn  in  the  preceding  chapter  tliat  tiic  comi)lete  and 
permanent  arrest  of  nutrition  in  a  2)art  causes  death,  and,  therefore, 
cessation  of  function.  We  have  now  to  consider  those  morbid  processes 
in  which  nutrition  is  more  or  less  hnpaircd,  and  in  which,  therefore, 
there  is  a  proportionate  diminution  of  function.  Nutrition  may  be 
impaired  in  two  ways  :  in  quantitij,  so  that  waste  comes  to  be  in  excess 
of  assimilation ;  or  in  quality,  either  the  food  or  the  metabolism  of  the 
cell  being  abnormal.  Excess  of  waste  over  assimilation  leads  simplj'  to 
atrophy,  or  simple  diminution  in  the  size  of  a  part  or  of  the  whole 
body.  On  the  other  hand,  alteration  in  the  chemistry  of  the  cell,  or 
in  the  quality  of  the  food  supplied  to  it,  may  lead  to  degeneration  of 
the  cell-contents,  some  abnormal  substance  appearing  in  the  tissues. 

The  degenerative  product  may  theoretically  be  formed,  (1)  anaboli- 
cally,  by  the  cell  from  its  food-supply,  (2)  cataboHcaUy ,  by  abnormal 
disintegi-ation  of  the  cell-protoplasm,  (3)  by  simple  deposition  in  the  cell 
from  the  lymph — the  last  method  impljang  a  ver}"^  passive  and  unlikely 
condition  of  the  living  cell. 

There  is  a  growing  tendency  among  pathologists  to  regard  degen- 
erations as  largely  due  to  the  action  of  bacterial  products  [toxincs). 
In  some  this  has  been  proved  to  be  the  case  (p.  28). 

Degenerative  processes  are  generally  divided  into  two  groups :  the 
degeneratiom  proper,  and  the  injiltrations.  In  the  degenerations, 
the  cell-protoplasm  is  gradually  transformed  into  some  new  material. 
This  process  is  often  continued  until  complete  destruction  of  the 
histological  elements  has  taken  jjlace,  and  all  trace  of  the  original 
structure  is  lost.  In  the  earlier  stages  of  the  process,  function  is 
impaired  :  in  the  later,  it  may  be  completel)'^  arrested.  In  the  infil- 
trations, the  new  material  is  supposed  to  be  passively  deposited 
from  the  lymph  (calcareous  infiltration),  or  formed  by  the  cells  from 
their  food-supply  (fatty  accumulation).  Infiltration  is  not  necessarily 
followed  by  destruction  of  the  histological  elements,  and  function  is 
but  little  interfered  with. 

The  degenerations  are  :  fatty,  mucoid,  colloid,  and  probably  amj'loid. 
The  in/iltrations  are  :  fatty,  calcareous,  and  pigmentary. 

I.  ATROPHY. 

Atrophy  must  be  carefully  distinguished  from  arrested  development. 
It  is  a  decrease  in  the  amount  of  a  tissue,  owing  to  diminution  either  in 


ATROPHY 


23 


size  {x'tmple  alrophy)  or  number  (iiumerical  atrophy)  of  the  histological 
elements  of  which  it  is  composed.  It  is  attended  by  loss  of  weight 
and  impairment  of  function.  The  two  varieties,  simple  and  numerical, 
are  often  associated,  the  latter  being  an  advanced  stage  of  the  former. 

Simple  atrophy  is  the  commonest  form,  and  may  affect  all 
tissues,  as  is  well  shown  in  ordinary  emaciation  (Fig.  9)- 

The  cells  of  all  glands  may  undergo  simple  atrophy ;  they  become 
smaller,  and  are  often  finely  gi'anular  from  the  presence  of  molecular 
fat.  Muscular  tissue  may  also  atrophy  by  simple  diminution  in  the 
size  of  its  primitive  fasciculi. 

Unless  their  vital  activity  is  exhausted  the  shrunken  cells  are 
capable  of  recovery ;  all  that  is  necessary  for  their  restitution  is 
diminution  of  waste  or  increase  of  assimilation,  according  as  the  one  or 
the  other  is  faulty. 

Numerical  atrophy  is  often  an  advanced  stage  of  simple  atrophy. 
The  elements  not  only  diminish  in  size,  but  some  actually  perish,  as  is 


Fig.  9. — Adipose  Tissue.  A,  normal ;  B,  atrophic,  from  a  case  of 
phthisis ;  a,  a  single  fat-cell,  with  cell-wall,  nucleus,  and  drop  of 
fat.    X  300.  (Virchow.) 

well  seen  in  advanced  atrophy  of  muscle  ;  then  i-estitiition  is  possible 
only  by  the  production  of  new  elements.  In  certain  tissues — as  the 
spleen,  lymphatic  glands,  and  skin — atrophy  is  due  mainly  to  numerical 
loss. 

Although  atrophy  in  its  strict  signification  consists  simply  in  a 
diminution  in  size  or  in  number  of  the  component  elements  of  a  tissue, 
it  is  rarely  a  perfectly  simple  process,  but  is  usually  associated  with  more 
or  less  fatty  degeneration.  This  indicates  some  qualitative  error  in  the 
metabolism  of  the  cells.  It  will  be  seen  subsequently  that  fatty 
degeneration  arises  from  causes  very  similar  to  those  which  produce 
atrophy  itself 

All  the  tissues  of  which  an  organ  consists  may  waste,  but  the  term 
"  atrophy  "  implies,  primarily  and  chiefly,  wasting  of  its  characteristic 
cells,  as  opposed  to  the  stroma.  The  vessels  and  nerves  also 
share  in  the  wasting  process.  The  fibrous  constituents  are  the  last  to 
atrophy ;  indeed,  as  the  higher  cells  shrink  and  disappear,  the  con- 
nective-tissue of  the  organ  tends  to  increase  {replacement  Jib rosis)—a.^ 
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in  the  secondary  "  scleroses  "  of  the  sjiinal  cord.  The  overgrowth  of 
connective-tissue  in  such  cases  is  probably  due  to  the  fact  that,  owing 
to  the  death  of  the  higher  cells,  a  larger  l)lo()d  siip])ly  than  before  is 
available  for  the  less  specialised  tissue. 

The  naked-eye  recognition  of  atrophy  is  often  difficult.  Atrophied 
organs  contain  less  blood,  and  are  drier,  paler,  tougher,  and  more 
fibrous-looking  than  in  healtli.  But  the  great  criterion  is  the  diiiiiiiii- 
tion  hi  weight  and  size  of  an  organ ;  these,  however,  vary  considerably 
in  health — proportionately  with  the  weight  and  size  of  the  whole  body  ; 
moreover,  they  may  be  small  from  incomplete  development.  Again, 
accumulation  of  blood  and  other  fluids  in  an  atrophied  organ  may 
bring  its  weight  and  size  up  to  or  beyond  the  average,  although  its 
essential  tissue  is  considerably  diminished  in  amount.  The  same 
fallacy  may  arise  from  overgrowth  of  the  fibrous  stroma  of  an  organ. 

jETIOLOGY  Atrophy  may  be  caused  by  (1)  deficiency  in  the 

supply  of  nutriment,  (2)  diminution  of  function,  or  (3)  exhaustion  of 
the  inherited  vital  enei-gj'. 

1.  Deficiency  in  the  Supply  of  Nutriment. — The  effect  of 
diminishing  the  blood-supjjly  to  a  part  will  vary,  according  to  the 
degree  of  the  diminution,  from  slight  atrophy  to  absolute  necrosis. 

This  cause  of  atrophy  may  be  brought  about  in  various  ways. 
(1)  Bij  ohdriiclioH  of  the  siipp/ijing  ve.wse/x  before  thei/  enter  a  part.  Thus 
pressure  of  an  abdominal  aneurysm  on  the  spermatic  artery  may  cause 
atrophy  of  the  testis ;  and  fracture  of  a  long  bone,  above  the  point 
where  its  nutrient  artery  enters,  may  result  in  wasting  of  the  uj)i)er 
fragment.  (2)  Bij  miiforvi  and  continnoii.s  pre.ixnre  which  does  not 
compress  the  veins  dispro2^ortionatelJ^  Thus  atrophy,  even  of  bones, 
results  from  pressure  of  aneurysms  and  tumours  ;  deep  fissures  are 
formed  in  solid  organs  from  pressure  of  band-like  adhesions  ;  atrophy 
of  the  kidneys  will  follow  obstruction  in  the  urinary  jiassages ;  and, 
rarely,  wasting  of  a  testis  may  be  due  to  pressure  of  an  old  haematocele 
or  hydrocele.  Pressure  may  also  arise  within  an  organ  by  the  appear- 
ance of  some  new  growth  distending  its  capsule  and  pressing  on  the 
Test  of  its  contents,  or  by  the  formation  of  bands  of  contracting 
cicatricial  tissue  traversing  its  interioi*.  The  effect  of  the  latter  pro- 
cess is  seen  in  cirrhosis  of  the  liver.  In  all  "pressure  atrophies"  the 
constant  pressure  also  acts  directly  on  the  cells  of  the  part  and  thus 
impairs  their  powers.  (3)  By  paxnve  congestion.  The  circulation  is 
impeded,  as  the  blood  is  not  returned  nonnally  by  the  veins.  Hence 
there  is  deficient  arterial  supply,  and  atrophy  results.  This  is  seen  in 
the  passively  congested  liver  of  heart  disease. 

2.  Diminution  of  Function. — Atrophy  always  causes  diminished 
functional  activity;  but  sometimes  diminished  functional  activity 
.seems  to  be  itself  the  cause  of  atrophy  (disii.w  alrophif). 
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Diminished  functional  activity  of  a  part  implies  that  the  chemical 
])rocesscs  in  its  cells  are  less  active  than  normal ;  such  cells  require 
less  food.  How  the  needs  of  each  tissue  are  made  known  to  the 
vaso-motor  mechanism  is  not  understood  ;  but  the  supply  is,  as  a  rule, 
speedily  adapted  to  any  variation  in  the  demand.  Consequently, 
tissues  will,  soon  after  they  have  ceased  to  perform  their  functions, 
receive  only  sufficient  material  for  those  chemical  processes  which  still 

on  in  them.  This  is  insufficient  to  maintain  the  mass  of  protoplasm 
required  to  do  the  full  work  of  the  tissue  ;  so  some  of  it  atrophies. 

Muscles  atrophy  when  they  are  rendered  inactive  by  chronic  disease 
of  joints,  by  splints,  or  by  paralysis  from  disease  or  injury  of  the 
nervous  system  above  the  anterior  cornual  cells  with  which  they  are 
connected — i.e.,  hy  an  "upper  segment"  lesion.  When  the  muscles 
of  a  part  waste,  all  its  other  tissues — nerves,  vessels,  bones,  and  skin — 
suffer  ultimately  from  impaired  blood-supply.  Thus,  in  part  at  least, 
we  may  explain  wasting  of  the  bone  in  a  stump  or  limb  long  kept  at 
rest ;  the  absence  of  that  intermittent  pressure,  which  it  is  the  func- 
tion of  bones  to  bear,  is  probably  a  secondary  cause  :  at  all  events, 
increased  strain  causes  hypertrophy  of  a  bone.  After  removal  of  the 
distal  part  of  a  limb,  the  main  artery  and  branches  supplying  it  becovne 
smaller  and  thinner.  The  rectum  dwindles  after  colotomy  to  a  scarcely 
pervious  cord  :  in  this  case  the  passage  of  faeces  over  the  mucous 
membrane  no  doubt  acts  as  a  stimulant  to  its  vessels,  as  well  as  an 
excitant  of  muscular  action,  and  as,  after  colotomy,  the  rectum  is  never 
distended,  its  tissues  adapt  themselves  to  the  empty  condition. 
Atrophy  of  the  stump  of  the  optic  nerve  follows  removal  of  the  corre- 
sponding eyeball. 

3.  Exhaustion  of  the  Inherited  Vital  Energy. — After  birth, 
those  jiarts  which  are  no  longer  required  in  the  altered  circulation  gradu- 
ally atrophy.  The  umbilical  arteries  and  vein  become  thrombosed  up  to 
their  first  branches,  and  shrink  to  a  fibrous  cord  as  the  clots  organise — 
just  like  any  other  vessel  cut  across  or  tied.  But  this  does  not  explain 
the  closure  of  the  ductus  venosus  or  ductus  arteriosus,  in  which  the 
conditions  are  not  favourable  to  thrombosis.  Obliteration  of  these 
vessels  can  at  present  be  spoken  of  simply  as  a  developmental  foct, 
comparal)le  to  closure  of  the  foramen  ovale.  The  Wolffian  body  dis- 
appears as  the  kidneys  develop,  and  the  thymus  wastes  in  the  second 
year.  These,  perhaps,  are  examples  of  atrophy  of  organs  following 
the  development  of  others  better  fitted  to  do  the  work — illustrating, 
as  it  were,  the  converse  of  the  law  that  when  an  organ  atrophies  or  is 
removed,  correlated  organs  hypertrophy  and  take  on  its  function. 
(See  Hypertrophy.) 

The  female  generative  organs  atropliy  at  from  forty- five  to  fifty 
years  of  age,  the  male  somewhat  later  ;  the  sjilecn  and  whole  lym- 
phatic system  waste  after  middle  life  :  i)robal)ly  in  these  cases  the 
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vital  energy  of  tlie  cells  of  the  parts  concerned  is  exhausted  about 
the  times  mentioned,  and  diminished  function  is  the  result — not  the 
cause. 

Trophoneuroses. — When  a  muscle  is  ail  off  from  its  connection 
with  the  cells  in  the  anteriur  cornu,  or  when  these  cells  are  destroyed  or 
seriously  injured,  fatty  degeneration  of  the  muscle,  a  more  rapid 
process  than  simply  atrophy,  sets  in.  Examples  of  this  are 
afforded  by  the  acute  bulbar  and  spinal  paralyses  of  adults,  infantile 
paralysis,  some  cases  of  progressive  muscular  atrophy,  neuritis  from 
any  cause,  and  rupture,  contusion,  or  section  of  a  nerve.  Salivary 
glands  waste  on  section  of  their  nerves.  Nerves  cut  off  from  their 
ganglion  cells  (of  which  they  are  long  processes)  also  degenerate 
rapidly  and  waste.  In  all  these  cases  the  interstitial  connective-tissue 
increases,  and  often  becomes  loaded  with  fat,  as  the  higher  tissue 
disajijjears.    (See  Diseases  of  Nervous  System.) 

General  Atrophy. 

The  term  general  atrophy  is  sometimes  employed  as  a  synonj'm 
for  general  wasting  of  the  whole  body.  In  general  wasting,  the  first 
tissue  to  atrophy  is  the  subcutaneous  adipose  tissue  ;  the  fat  around  the 
viscera,  in  the  omentum,  and  in  other  jDarts  follows,  then  the  muscles 
and  glandular  organs,  and,  last  of  all,  the  osseous  and  nervous  tissues. 

General  atrophy  may  be  caused  by  : 

1.  Deficiency  in  the  Supply  of  Nutriment. — Thus  the  follow- 
ing conditions  may  all  be  causes  of  general  atrophy  :  deficient  supplj' 
of  food;  obstruction  to  the  passage  of  food  into  the  stomach  or 
intestmes,  as  in  stricture  of  the  oesophagus  or  pylorus  ;  the  mal-assimi- 
lation  which  results  from  the  various  conditions  giving  rise  to  dyspepsia  ; 
interference  with  the  absorption  of  the  chyle,  from  obstruction  of 
the  thoracic  duct. 

2.  Excessive  Waste. — All  conditions  attended  by  the  loss  of 
large  quantities  of  nutritive  material  may  also  be  causes  of  general 
atrophy.  Among  these  are  :  continuous  hajmorrhages  ;  profuse  and 
long-continued  sujDpuration  from  chronic  bone-disease  or  empyema  ; 
diarrhoea ;  and  the  excretion  of  large  quantities  of  albumin  in  Bright's 
disease  or  of  sugar  in  diabetes  mellitus.  The  wfiste  from  increased 
tissue-change  accomiianying  acute  febrile  diseases  must  also  be 
included  under  this  head. 

Although  general  atrophy  may  occasionally  be  referred  to  one  of 
the  foregoing  causes,  it  is  usually  due  to  the  combined  influence  of 
two  or  more  of  them.  The  atrophy  associated  with  pulmonary  tuber- 
culosis, for  example,  results  partly  from  loss  of  nutrilive  material  in 
])rofuse  expectoration  and  diarrhoea,  jiartly  from  dr/iciciil  supply  con- 
sequent upon  imperfect  oxidation  of  the  blood  and  upon  interference 
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^vith  assimilation  which  is  so  often  caused  by  structural  changes  in  the 
stomach  and  intestines,  and  partly  from  the  increased  tissuc-waale  of 
fever.  In  the  wasting  of  old  age,  in  addition  to  the  general  diminution 
of  nutritive  activitj',  there  is  frequently  some  condition  of  the  diges- 
tive organs,  which  interferes  with  assimilation;  this  materially  aids  in 
producing  the  ultimate  result.  Increased  tissue-waste,  loss  of  ajjpetite, 
and  Interference  with  assimilation  all  help  to  produce  the  atrophy 
which  accompanies  fever. 

Atrophy  of  Bone. 

As  In  other  tissues,  atrophy  of  bone  is  usually  accompanied  by 
more  or  less  fatty  degeneration.  Old  age,  disuse,  and  constant  jjressitre 
are  its  most  frequent  causes. 

When  due  to  old  age,  there  is  diminution  in  weight  but  no  change 
in  size.  The  loss  of  weight  is  the  result  of  the  gradual  conversion  of 
the  compact  tissue  into  one  closely  resembling  the  cancellous.  The 
spaces  become  larger  and  their  bony  walls  thinner  ;  the  consequent 
brittleness  of  the  bone  is  therefore  a  marked  feature.  This  form, 
known  as  eccentric  atrophy,  occui's  with  other  senile  changes,  and 
generally  affects  all  bones,  but  is  specially  marked  in  the  neck  of  the 
femur,  rendering  it  liable  to  fracture  from  trivial  injuries. 

Atrophy  from  disuse  or  from  constant  pressure  is  accompanied  by 
diminution  in  size  as  well  as  in  weight.  The  bone  beneath  the 
periosteum  is  gradually  absoi'bed,  and  the  medullary  canal  shrinks 
proportionately.  This  variety  is  knov/n  as  concentric  atrophy,  but 
the  changes  characteristic  of  the  eccentric  form  are  often  present  as 
well.  It  is  a  local  altei'ation,  and  is  met  with  especially  in  the  long 
bones,  in  cases  of  long-standing  ankylosis,  dislocation,  or  paralysis. 
The  effect  of  constant  pressure  in  the  production  of  atrophy  is  well 
shown  in  the  enlargement  of  clefts  and  perforations  of  the  hard  palate 
which  often  results  from  the  insertion  of  plugs.  These  interfere  with 
the  blood-sup23ly  and  thus  cause  atrophy. 

Atrophy  of  bone  must  not  be  confounded  with  arrested,  development. 
The  latter  is  commonly  met  with  in  the  later  stages  of  Infantile 
paralysis.  A  very  similar  result  may  be  produced  by  anything  which 
causes  premature  ossification  of  an  epiphysis,  such  as  rickets,  inflamma- 
tion, or  injury.  These  are  the  common  causes  of  stunted  limbs  ;  and 
microcephaly  may  be  due  to  premature  ossification  of  the  cartilage 
between  the  basi-sphenoid  and  the  basl-occipltal  bones  (p.  8). 
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The  degenerations  (p.  22)  may  be  advantageously  arranged  in  tliree 
groups: — (1)  Cloiidi/  Swelling  and  Fatty  C'/ifl;/g^c.y,  including  fatty  infil- 
tration (accumulation)  and  fatty  degeneration  ;  (2)  Mucoid,  Colloid, 
Hyaline,  and  Amyloid  Degenerations,  resembling  one  another  in  the 
transparent  structureless  character  of  the  degenerative  product ;  and 
(3)  Calcareoiix  Infiltration  and  Pigmentary  Changes. 

CLOUDY  SWELLING. 

Cloudy  swelling,  sometimes  known  as  parenchynialoii.s  or  granular 
degeneration,  or  albuminous  infiltration,  is  a  frequent  change,  being 
found  in  all  diseases  attended  by  considerable  pyrexia.  Wickham 
Legg  and  Liebermeister  produced  it  by  subjecting  animals  to  a 
high  external  temperature  ;  they  therefore  regarded  the  change  as 
due  simply  to  the  fever,  which,  in  their  opinion,  caused  increased 
destruction  of  proteid.  Against  this  view  it  may  be  urged:  (1)  that 
ncre.ased  destruction  of  tissue  may  itself  produce  the  elevation  of 
temperature ;  (2)  that  the  change  is  less  marked  in  long-continued 
fevers  than  in  the  relatively  short  fevers  of  the  acute  specific  diseases ; 
and  (3)  that  the  degeneration  is  specially  pronounced  in  bad  cases  of 
diphtheria,  in  which  disease  the  temperature  is  often  low.  All  this 
leads  to  the  belief  that  mere  fever  is  an  insufficient  cause.  A  more 
])robable  explanation  is  that  tlie  infective  material  tn  the  blood — the 
cause  of  the  fever — has  a  more  or  less  deleterious  action  on  the  tissues. 
This  is  supported  by  the  observation  that  cloudy  swelling  is  the  first 
change  noticeable  in  poisoning  by  phosphorus,  arsenic,  and  the  mineral 
acids,  all  of  wliich  lead  ultimately  to  fatty  degeneration  of  jirotoplasm. 
Again,  cloudy  swelling  is  found  in  inflamed  parts,  and  we  shall  see 
later  that  inflammation  is  always  due  to  the  action  of  an  irritant, 
which,  if  it  were  of  sufficient  intensity,  would  produce  death  of  the 
tissue.  It  would  ajipear,  therefore,  that  cloudy  swelling  is  due  to  the 
action  upon  the  tissues  of  some  poison  which  tends  to  cause  their  death  : 
elevation  of  the  temperature  of  protoplasm  above  the  normal  may 
assist  its  action. 

In  considering  the  histology  of  this  change,  we  shall  find 
that  advanced  cloudy  swelling  ])asses  insensibly  into  fatty  degenera- 
tion :  it  is,  therefore,  to  be  regarded  as  the  frst  step  towards  fatty 
degeneration. 

SEATS. — The  liver,  kidneys,  heart,  and  voluntary  muscles  show 
the  change  most  plainly  :  but  probably  all  protoplasm  suffers.  The 
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change  may  be  nuicli  more  advanced  in  some  organs  than  in  others, 
owing  probably  to  some  special  stress  to  which  the  organs  most  affected 
have  been  subjected. 

APPEARANCES.— 1.  Microscopic— The  cells  in  unstained 
specimens  are  swollen  and  their  protoplasm  is  finely  granular — the 
nucleus  and  any  cell-structure  being  obscure  or  even  indistinguishable  : 
the  granules,  which  first  appear  like  a  precipitate  in  the  cells,  refract 
light  but  feebly ;  they  are  unstained  by  osmic  acid ;  they  dissolve 
in  dilute  acetic  acid  but  not  in  ether  nnd  are  therefore  albuminous 
(Fig.  10).  In  advanced  cases, 
larger,  strongly-refracting  granules, 
blackening  \Cith  osmic  acid,  and 
soluble  in  ether  but  not  in  acetic 
acid — therefore  fatty — are  found 
associated    with   the  albuminous 


granules. 


The  affected  organs  re- 


cover in  those  cases  in  which  the 
primary  disease  does  not  prove. fatal, 
although  many  individual  cells  may 
die  and  disappeai'. 


Fig.  io. — Liver  from  a  case  of  Acute- 
Rheumatism  with  high  Temperature. 
The  liver-cells  are  swollen  and  granular, 
the  nucleus  in  many  being  almost  indis- 
tinguishable.    X  200. 


2.  Naked  Eye. — When  the 
change  is  well  marked,  the  affected 
organs  are  somewhat  swollen,  and 
may  be  either  anaemic  or   slightly  hypertiemic ;   the  surface  of  a 

and  the  tissue  is  softer  and  more  opaque 
than  natural. 


section  bulges  uj)  a  little 


EFFECTS. — This  change  is  a  sign  of 
the  impaired  health  of  the  cells  :  their  vital 
activity  will  therefore  be  projwrtionately 
affected.  Its  most  serious  effect  is  upon  the 
f  heart-muscle  :  the  vigour  of  the  contraction  is 
always  much  impaired. 

Fig.  II. — Muscular  Tissue  nf 

the  Heart,  from  a  case  of       qij^g  Kidneys.— The  cortex  is  princi- 

s'Tjere  Typhoid  Fever.    The  „.        ,      _,,      t,,  i   .  i  .       i     i-  i 

fibres  are  granular,  thenuclei  pally  affected.     The  Maljxgh.an  bodies  and 

obscured,  and  the  striation, at  the  pyramids   are  usually   hyperajmic,  antl 
places,  entirely  lost,    x  400.  contrast  with  the  general  jjallor  of  the  cor- 
tex.   The  tubal  epithelium  presents  the  appearances  above  described; 
they  are  well  seen  in  the  early  stages  of  scarlatinal  nephritis. 

The  Heart. — The  walls  of  the  heart  become  pale  and  soft.  Tiic 
nniscular  fibres  are  finely  granular,  and  have,  in  many  places,  lost 
tlieir  distinct  striation  (Fig.  1  !)• 
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The  Lungs. — The  change  cannot  be  recognised  by  the  naked 
eye.  The  epithelial  cells,  according  to  Buhl,  are  swollen  and  granular 
from  the  presence  of  albuminous  and  iatty  particles,  and  are  easily 
detached  from  the  alveolar  walls. 

FATTY  CHANGES. 

The  abnormal  appearance  of  fat  in  the  tissues  may  result  from 
either  accumulation  (infiltration)  or  degeneration.  Examples  of  both 
occur  in  health  (pp.  32,  38). 

According  to  Cohnheim,  all  fat  found  in  the  body  has  the  same 
chemical  composition — being  a  mixture  of  tripalmitin,  triolein,  and 
tristearin.  It  does  not,  however,  follow  that  it  is  not  liable  to  special 
and  exceptional  modifications,  particularly  in  the  case  of  fatty  accumu- 
lation ;  for  if  dogs  are  fed  on  colza-oil,  linseed-oil,  or  mutton-fat,  the 
melting  point  of  the  deposited  fat  will  vary  with  that  of  the  fonii  in 
which  it  was  given ;  while  in  the  case  of  the  colza-oil  diet,  the  tissues 
will  contain  erucic  acid,  which  under  ordinary  conditions  is  absent. 

I.  FATTY  ACCUMULATION. 

In  fatty  accumulation,  fat  brought  by  the  blood  is  taken  up  and 
deposited  in  the  substance  of  certain  cells,  especially  those  of  (1 )  connec- 
tive-tissue, (2)  the  medulla  of  limb-bones  and  (3),  to  a  less  extent,  those 
of  the  liver.  These  serve,  physiologically,  as  resei'voirs  of  fat.  It  is 
impossible  to  draw  any  line  between  normal  and  jiathological  fatty 
accumulation  so  long  as  the  process  is  confined  to  those  cell-groups 
which  are  physiologically  liable  to  this  change.  Thus  the  subcu- 
taneous fat  and  the  fat  normally  present  along  the  coronary  vessels  in 
middle-aged  adults  varies  much  in  amount  consistently  with  perfect 
health.  IJut  when  the  fat  spreads  widely  over  the  surface  of  the  heart 
it  is  clearly  abnormal  ;  and  the  evidence  of  disease  is  still  stronger 
when  the  fat  appears  between  the  muscular  fibres  in  cells  which 
normally  contain  none.  The  tendency  to  morbid  fatty  accumulation 
may  be  general  (obesity)  or  local. 

CAUSES.  (1)  Excess  of  food. — It  may  be  stated  generally 
that,  whenever  nutritive  material  is  present  in  the  blood  in  excess  of 
the  amount  required  for  the  supply  of  force  and  maintenance  of  heat 
in  the  body,  there  is  a  tendency  to  the  deposit  (storage)  of  fat,  first 
in  regions  in  which  it  is  normally  present,  and  later  in  parts  which 
usually  contain  none.  For  this, itself  need  not  be  present  in  excess 
in  the  food ;  the  presence  of  carbohydrates  in  quantity  sufficient  to 
satisfy  the  wants  of  the  organism  will  protect  fat  from  oxidation  and 
lead  to  its  deposition.    The  proteids  of  the  food  may  also  be  split  into 


FATTY  ACCUMULATION 


31 


nitrogenous  and  non-nitrogenous  ftictors,  and  from  the  latter  of  these 
fat  may  be  formed. 

(2)  Inherited  Tendency.— Nothing  is  more  certain  than  that 
a  tendency  to  obesity  or  to  leanness  runs  in  families,  and  it  is  notorious 
that  some  very  stout  people  are  small  eaters  and  take  active  exercise, 
Avliilst  niciny  thin  subjects  are  just  the  reverse.  Cohnheim  has,  it  is 
true,  advanced  the  hypothesis  that,  m  the  former,  oxidation  is 
naturally  slow  and  imperfect,  but  we  know  of  no  experimental  facts  in 
support  of  the  view. 

(3)  Disordered  Metabolism.— This  may  result  from  sedentary 
and  luxurious  habits,  lassitude  of  mind  and  body,  high  external  tempera- 
ture, destruction  of  much  lung-tissue  by  chronic  disease,  or  reduction 


Fig.  12. — Fatty  Accumulation  ui  Connective-tissue.    Showing  the  accumu- 
lation of  fat  within  the  cells.     X  300.  (Rindfleiscb.) 

of  the  oxygen-carrying  power  of  the  blood  owing  to  duninution  of  red 
corpuscles  or  of  their  haemoglobin.  Some  suppose  that  the  fat  con- 
tained in  a  normal  diet  may,  under  such  circumstances,  be.  incom- 
pletely oxidised ;  and  that  oxidation  may  be  diminished  by  slow 
circulation  or  by  the  circulation  of  deoxidised  blood  through  a  part — 
conditions  which  noraially  obtain  in  the  liver  and  in  parts  thrown  out 
of  work — as  in  a  muscle  kept  at  rest.  There  is,  however,  no  adequate 
proof  of  this.  Excess  of  fat  may  sometimes  be  present  in  the  fluids 
around  certain  cells — e.g.,  the  liver-cells  after  a  meal  containing  much 
fat,  and  the  connective-tissue  cells  and  wandering  cells  near  a  focus 
of  fatty  degeneration. 

APPEARANCES..— 1.  Microscopic. — Cells  in  M'hich  fat  is 
accumulating  are  seen  to  contain  droplets  of  oil — very  small  at  first, 
but  still  distinct  droplets  (Fig.  1 2).  These  rUn  together,  push  the 
cell-nucleus  aside  and  distend  the  cell  until  its  original  contents  seem 
to  have  become  a  mere  capsule  to  the  fat  (Fig.  13).    As  the  fat  is 
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and  rounded, 
aniemia  (from 


added  to  tlie  jirevious  cell-contents,  the  cell  is  enlarged  in  proportion 
to  the  amount  of  fat  it  contains. 

2.  Naked  Eye. — An  organ  in  which  fat  lias  accumulated  is  more 
or  less  swollen.    Any  sharp  edges  it  may  possess  tend  to  become  thick 
It  is  more  or  less  pale  and  yellowish  on  account  of 
increased  intracapsular  pressure)  and  the  presence  of 
fat;  it  is  doughy  and  inelastic,  and  both  receives 
and  retains  an  impression  from  the  pressure  of  a 
finger;  and  it  is  softer  than  natural.    But,  except 
mechanically,  the  fat  need  not  appreciably  hinder 
the  protoplasm  of  the  organ  from  discharging  its 
functions.    Ultimately,  however,  pressure  upon  tlie 
cells  proper  may  become  so  .severe  that  they  ma\- 
fail  to  get  sufficient  nourishment ;  they  will  then 
undergo  fatty  degeneration,  and  atrophy.    The  knife 
\G.i2.—LivLi-ce//s  jjggj  ^  fatty  organ  becomes  areasv,  and  may 

III  various  stages  jo  n        j  ' 

of  Fatty  Accumit-  sliow  distinct  drops  of  oil  on  the  blade. 

lation.       X  300. 

Rindfleisch.)  SEATS.— The  parts  aff'ected  are  those  physio- 

logically liable  to  the  process — viz.,  conneclive-tLisue  cells  and  liver- 
cells  :  with  regard  to  the  former,  it  is  to  be  noted  that,  normally,  the 
cells  of  the  interstitial  connective-tissue  of  working  organs  (muscles, 
nerves,  and  glands)  are  not  affected,  but  may  become  so,  especially  if 
the  activity  of  the  organ  is  in  any  way  arrested.  In  obesity — the 
commonest  manifestation  of  morbid  fatty  accumulation — the  subcu- 
taneous and  subperitoneal  connective  tissues  suffer  earliest  and  most, 
the  accumulation  spreading  later  to  the  interstitial  connective-tissue 
of  organs  in  which  metabolism  is  still  apparently  normal,  as  in  the 
heart. 


II.  FATTY  DEGENERATION. 

This  diflfers  from  fatty  accumulation,  inasmuch  as  the  fat  is  formed 
by  changes  in  the  protoplasm  of  the  cells  themselves.  There  is  reason 
to  believe  that  cell-protoplasm  takes  up  oxygen  and  splits  into  a 
nitrogenous  molecule,  which  is  the  first  stage  in  the  formation  of  urea, 
and  a  non-nitrogenous  molecule  which  forms  fat.  In  the  process  of 
healthy  nutrition,  these  products  of  the  metabolism  of  the  cell  are 
still  further  oxidised,  and  then  removed.  Consequently,  we  do  not, 
except  in  the  case  of  the  intestinal  epithelium  and  the  liver-cells,  find 
fat-granules  in  healthy  cells.  When,  however,  a  whole  cell  or  many 
cells  die  and  are  protected  from  ferments,  evidence  of  fatty  degenera- 
tion of  protoplasm  is  soon  forthcoming.  This  we  can  watch  in  various 
physiological  jirocesses — e.g.,  the  formation  of  sebum  and  cerumen. 
In  both  of  these  the  fatty  degeneration,  death,  casting  off  and  disin- 
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tegration  of  superficial  cells,  and  the  constant  production  of  new  ones 
in  the  deeper  layers,  play  a  chief  part.  Evidence  of  the  same  process 
is  seen  in  the  fatty  degeneration  of  the  muscular  fibi-es  of  the  uterus 
undergoing  involution.  It  was  formerly  supposed  that  the  transforma- 
tion of  entii'e  bodies,  which  have  lain  for  many  weeks  or  months  in 
water  or  damp  soil,  into  adipocere  (an  ammonia  and  lime  soiip)  was 
an  illustration  of  the  same  process,  but  this  change  is  now  generally 
believed  to  be  due  to  organisms. 

It  is  now  universally  recognised  that  the  fat  seen  in  the  muscular 
fibres  in  fatty  degeneration  is  the  result  of  a  change  in  the  fibres 
themselves,  and  is  not  derived  from  without.  The  experiments  of 
Voit  and  Bauer  prove  this.  These  experiments  were  made  to  deter- 
mine the  source  of  the  fat  in  the  acute  fatty  degeneration  produced 
by  poisoning  with  phosphorus.  Dogs  were  stai'ved  for  twelve  days, 
so  that  all  available  fat,  Avhether  in  the  tissues  or  in  the  food,  might 
be  exhausted.  At  this  period  the  daily  excretion  of  nitrogen  (urea) 
averaged  eight  grammes.  Small  doses  of  phosphorus  were  then  given. 
The  average  daily  excretion  of  nitrogen  at  once  rose  to  twenty-four 
grammes,  while  the  amount  of  oxygen  taken  up,  and  of  carbon  dioxide 
given  off,  were  greatly  diminished.  The  animals  were  then  killed, 
and  large  quantities  of  fat  were  found  throughout  the  body.  The 
increase  in  the  excretion  of  urea  showed  that  the  destruction  of 
proteids  was  also  increased;  and  the  presence  of  the  large  quantities 
of  fat  found  after  death  made  it  highly  probable  that  it  had  been 
formed  as  part  of  the  general  proteid  destruction.  In  other  words,  the 
j)hosphorus  produced  very  extensive  and  general  fatty  degeneration, 
and  the  fat  must  have  arisen  from  the  j)ivtop/as7n  of  the  cells.  Voit  con- 
cluded from  these  investigations  (1)  that  the  transformation  of  cell- 
proteid  is  independent  of  the  supply  of  oxygen,  but  that  if  oxygen  be 
deficient,  the  fat  and  other  products  of  the  transformation,  being 
incompletely  oxidised,  accumulate  in  the  cell ;  (2)  that  the  jiresence  of 
fat  in  the  cells  may  thus  b"  due  to  increased  transform  ition  of  the 
proteid  matter,  or  to  diminished  oxidation  of  the  products  of  its 
decomposition;  and  (3)  that  the  fatty  degeneration  in  poisoning  by 
phosphorus  is  due  both  to  an  increased  transformation  of  the  cell- 
proteid  and  to  diminished  oxidation  of  the  fat  and  other  products  of 
the  transformation. 

Stolnikow  and  Gaule  have  published  expei'iments  which  ssem  to 
show  that  fat  can  be  produced  by  the  decomposition  of  lecithin,  the 
phosjjhuretted  fat  of  the  nervous  system,  and  a  constituent  of  many 
other  tissues.  According  to  these  observers,  glycero-jihosphoric  acid, 
stearic  acid,  and  cholin  are  formed  in  the  process. 

.ffiTIOLOGY. — Fat  being  a  possible  intermediate  product  in 
the  metabolism  of  a  cell,  its  presence  in  an  unusual  situation  indicates 
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some  inconii)leleness  of,  or  disturbance  in,  the  metabolism.  This  altera- 
tion in  metabolism  is  due  either  (1)  to  the  insufficiency  of  the  supply  of 
nutriment  to  meet  the  demand  of  the  cell,  or  (2)  to  the  inability  of 
the  cell  to  utilise  the  food  placed  at  its  disjjosal. 

I.  The  insufficiency  of  the  supply  may  be  due  to  primary  defects 
in  the  sui)j)ly  itself  or  to  an  unusual  increase  in  the  demand. 
(1)  T/ie  normal  bload-siipp/i/  may  he  fiimphj  dminislml,  as  m  chronic 
arterio-sclerotic  changes  in  the  coronary  arteries,  causing  narrowing  of 
their  lumen  and  consequent  diminution  of  the  supply  of  blood  to  the 
muscle-cells  of  the  heart  (p.  43).  (2)  Increased  work  may  fall  upon  the 
cells  without  any  con-espouding  increase  in  their  blood-supply.  Thus  the 
fibres  of  a  much  hypertrophied  heart  may  undergo  fatty  degeneration 
because  the  coronary  arteries — themselves  free  from  disease — are 
unable  to  furnish  the  requisite  supply  of  nutriment.  This  cause  is 
also  possibly  operative  in  the  fatty  degeneration  occurring  in  febrile 
states,  as  increased  temjierature  promotes  disintegration  of  the  cells, 
while  no  additional  supply  of  food  reaches  the  tissues.  (3)  Actual 
deficiencies  in  the  blood  may  impair  its  nutritive  value.  In  this  case  the 
change  principally  consists  in  a  marked  diminution  in  the  corpuscles 
and  especially  in  the  haemoglobin,  and,  therefore,  in  the  oxygen- 
carrying  power.  The  fatty  degeneration  is  most  marked  in  per- 
nicious anaemia,  in  which  the  total  volume  of  blood  is  much  dimin- 
ished. In  these  cases  there  is  but  little  tendency  to  fatty  degenera- 
tion in  those  parts  which  can  be  kept  in  comparative  rest ;  for 
anaemia,  while  seriously  interfermg  with  the  reserve  power,  is  rarely 
intense  enough  to  diminish  the  respiratory  exchange  usual  duruig 
rest. 

II.  The  failure  of  the  cell  to  make  use  of  the  material  placed  at 
its  disposal  is  probably  the  more  important  cause.  (1)  This  may  be 
the  result  of  the  action  of  bacterial  toxincs,  such  as  that  of  diphtheria, 
which  causes  fattv  degeneration  of  voluntary  muscle-fibres,  including 
those  of  the  heart  ;  or  that  of  tubercle,  which  leads  to  a  corresponding 
degeneration  of  the  affected  cells.  (2)  It  may  also  dejiend  ujion  the 
influence  of  inorganic  poisons,  such  as  phosphorus,  arsenic,  alcohol,  and 
carbon  monoxide,  which  act  directly  upon  the  protojilasm,  and 
possibly,  according  to  some  pathologists,  prevent,  in  some  way,  the 
storage  of  oxygen.  (3)  In  many  cases,  the  failure  of  the  cell  must 
be  regarded  as  a  senile  change  and  dei)endent  u))on  the  exhaustion  of 
the  inherited  vital  capacities  of  the  cell.  This  is  possibly  a  factor  in 
the  fatty  degeneration  of  cancer-cells,  which  may  occur  independently 
of  any  limitation  of  the  blood-sujiply. 

APPEARANCES.  -1.  Microscopic. — The  microscope  is 
necessary  for  the  recognition  of  the  earliest  stages  of  this  degenera- 
tion.   The  fat  aj)pears  as  minute  granules,  first  of  all  in  the  protoplasm 
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of  the  affected  cells  and  later  on  in  the  nucleus.  The  granules- 
characterised  by  their  sharp  contour,  strong  refractive  power,  staining 
reaction  (black  with  osmic  acid),  insolubility  in  acetic  acid,  and  solu- 
bility in  ether — gradually  increase  in  number,  till  the  whole  of  the 
protoplasm  may  be  transformed;  some  of  them  may  coalesce  and 
form  distinct  droplets  of  fat.  As  the  process  advances  the  cells  increase 
in  size  and  become  more  globular  in 

shape  ;  a  little  later,  the  nucleus  is  *  ^ 

involved,  the  cell-wall,  Avhen  this 
exists,  is  destroyed,  and  the  cell  is 

converted  into  a  mass  of  ftit-gran-  l.^p)  •'iji?  '^-^^^ 

ules  known  as  a  granule-cell  (Fig.  ;  "  '^'■^ 

14). 

Granule-cells  may  be  of  two  kinds  : 
(1)   dead   or   dying   cells    converted  Degeneration  oj  Cells. 

■   .  c      \      •       jy  L  1  From  a  cancer.    I/.  From  the  brain 

mto  masses  oi  cohering  rat-ffi'anules,     ...     ,  . 

o        f  '      m  chronic  softenmg.    x  200. 

or  (2)  living  leucocytes  (^granule- 
carriers)  which  have  taken  up  fat-granules  from  a  focus  of  degenera- 
tion— probably  to  convey  them  into  the  lymphatics  and  thus  effect 
absorption.  Connective-tissue  and  neui'oglia-cells  near  foci  of  degenera- 
tion similarly  become  charged  with  fat-granules.  Fatty  granules 
may  be  distinguished  from  the  albuminoiis  granules  of  cloudy  swelling, 
by  their  larger  size,  their  higher  refractive  power,  their  insolubility 
in  acetic  acid,  their  solubility  in  ether,  and  their  staining  reaction 
with  osmic  acid. 

2.  Naked  Eye. — In  advanced  stages  fatty  degeneration  produces 
definite  naked-eye  appearances.  These  are  (1)  slight  or  moderate 
swelling,  which  however  is  often  replaced  by  more  or  less  shrinking 
of  the  organ  when  absorption  of  the  fat  is  going  on,  as  in  advanced 
acute  ati'ophy  of  the  liver ;  (2)  admixture  of  an  ojjaque  yellow  colour 
witli  the  normal  tint  of  the  tissue,  often  in  the  fox*m  of  patches,  spots, 
or  streaks,  as  extreme  degrees  of  the  change  are  usually  reached  only 
in  limited  areas ;  and  (3)  loss  of  elasticity  with  diminished  consistence 
— the  organ  being  flabby  and  friable,  and  its  capsule  wrinkling  easily. 
When  a  section  is  cut,  fat  may  be  found  upon  the  knife,  and  the 
normal  distinctness  of  the  structure  is  obscured. 

TERMINATIONS.— 1.  Absorption.— The  fatty  particles 
into  which  the  cells  have  been  transformed  are,  under  favourable  cir- 
cumstances, readily  absorbed.  The  degenerative  process  may  cease 
and  the  fat  be  removed  before  the  part  has  been  dangerously  involved. 
Such  recovery  probably  occurs  frequently — for  example,  in  the  kidneys 
and  heart.  Also  when  the  elements  are  comjiletely  degenerated  the 
fatty  debris  is  usually  removed  by  absorption.  This  is  seen  in  the  fatty 
<legeneration  and  absorption  of  the  inflammatory  products  occurring 
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in  croupous  pneumonia ;  in  tlie  degeneration  and  absorption  of  the 
cells  of  new-growths — leading  to  central  "  cupping  "  or  "  umbili 
cation "  of  nodules,  or  to  shrinking  of  the  wliole  mass  (atrophic 
scirrhus) ;  and  in  the  degeneration  of  small  damaged  areas,  such  as 
result  from  embolism,  thrombosis,  or  hajmorrhage  in  the  brain  or  other 
organ.  As  the  result  of  such  absorption  there  may  be  left  a  nieshwork 
of  vessels  and  connective-tissue  from  which  the  essential  cells  have 
disappeared,  as  in  the  later  (red)  stage  of  acute  yellow  atrophy  of  the 
liver ;  or  there  may  be  an  ordinary  scar,  from  the  development  of 
fibrous  tissue  ;  or,  lastly,  a  cavity  containing  clear  fluid  may  remain. 
For  absorption  to  occur,  the  tissues  round  the  degenerated  cells  must 
be  freelj^  supplied  with  blood. 

2.  Caseation. — In  this  mode  of  termination  the  fatty  products  are 
not  absorbed,  but  ai*e  gradually  converted  into  a  j'ellowish  friable 
material,  which  has  been  compared  to  soft  cheese.  It  is  gen- 
erally said  to  result  from  disproportion  between  the  degenerated 
mass  and  the  vessels  by  which  absorption  might  be  effected — a 
disproportion  which  is,  in  the  first  instance,  the  principal  cause  of 
the  degenei'ation.  It  is  most  frequent,  therefore,  in  parts  which  con- 
tain but  few  vessels,  or  in  which  the  vessels  become  obliterated  by 
pressure  from  without,  or  by  narrowing  of  their  lumen  by  endarter- 
itis. Caseation  is,  consequently,  most  often  met  with  in  tubercular 
and  gummatous  masses,  and  in  rapidly  growing  carcinomata  and 
sarcomata. 

Cheesy  masses  are  constantly  met  with  in  the  lymphatic  glands, 
the  brain,  the  bones,  and  especially  in  the  lungs.  Considerable  con- 
fusion has  arisen  as  to  their  nature  and  origin.  Formerly  all  cheesv 
masses  were  regarded  as  essentially  tubercular,  and  it  is  true  that 
tubercular  lesions  have  a  greater  tendencj'  than  any  others  to  caseate 
fully,  and  to  form  typical  cheesy  collections  (see  Tuberculosis).  But, 
as  just  stated,  other  formations  may  undergo  a  change  which  is  jDrac- 
tically  indistinguishable  ;  so  caseation  cannot  be  regarded  as  proving 
more  than  the  previous  occurrence  of  fiitty  degeneration.  A  caseous 
mass  is  tubercular  only  when  it  is  due  to  the  presence  of  the  bacillus 
Uiherculosii. 

The  process  consists  in  a  gradual  drying  up  of  the  degenerated 
elements  ;  the  fluids  are  absorbed,  the  cells — many  of  which  are  incom- 
pletely degenerated — shrivel  and  atrophj',  the  fat  undergoes  partial 
saponification,  cholesterin  forms,  and  the  tissue  thus  becomes  con- 
verted into  a  soft,  3'ellowish  white  cheesy  substance,  composed  of 
atrophied  cells,  fatty  debris,  and  cholesterin  crystals.  This  clicesy 
material  may  gradually  dry  up  more  and  more,  and  ultimately  become 
encapsuled  by  a  laj'cr  of  fibrous  tissue,  and  even  calcified  In  other 
cases  it  may  undergo  a  process  of  softening  .'ukI  liquefaction.  (See 
•Calcification,  and  Chronic  Abscess  ) 
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RESULTS. — The  effect  of  fatty  degeneration  is  to  impair,  and 
sometimes,  as  in  the  case  of  the  heart,  even  to  arrest  function. 
Recovery  is  only  possible  in  the  earlier  stages. 

Fatty  Accumulation  in  the  Liver. 

In  the  liver  fatty  accumulation  is  exceedingly  frequent,  constituting 
what  is  commonly  known  as  th.e  fathj  liver.  This  is  largely  due  (l)  to 
the  excess  of  fat  and  carbo-hydrates  in  the  portal  blood  ;  (2)  to  the 


Fig.  15. — Fatty  Liver.  From  a  case  01  general  tuberculosis.  The  lat  is  un- 
stained and  is  represented  by  the  pale  areas  in  the  periphery  of  the  lobules. 
a,  fli,  fl2,  a»,  Fat  in  the  peripheral  cells ;  b.  Small  branch  of  portal  canal  ; 
c,  Peritoneal  surface  ;  d,  d^,  ri^,  d^,  Recent  tubercular  foci  ;  e,  e^.  Intralobular 
veins.    X  24. 


deposition  of  fat  from  the  metabolism  of  proteid  during  the  formation 
of  urea  ;  and  (3)  to  the  low  pressure  and  slow  circulation  in  the  portal 
vessels — conditions  least  favourable  to  metabolism,  and  most  favourable 
to  deposition.  An  accumulation  of  fat  in  the  liver  may  occur  under 
two  opposite  conditions  of  nutrition.  In  the  first  of  these  there  is 
gmeral  obtsilij,  and  the  excess  of  fat  accumulates  in  the  liver  as  well  as 
in  otlier  parts  ;  in  the  second  there  is  general  emaciation,  ana-niia  and 
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other  conditions  leading  to  diminution  in  tlie  nutritive  power  of  the 
blood  and  diminished  vitality  of  the  liver-cells.  Tiie  liver  in  phthisis 
is  an  exam])le  of  the  second  of  these  conditions,  the  defect  in 
the  blood  being,  in  this  case,  increased  by  the  jjresence  of  bacterial 
l)roducts  which  affect  the  metabolism  of  the  cells. 

Physiological  Accumulation.— The  liver-cells  always  conbiin 
a  small  quantity  of  fat.  Ingestion  of  food  rich  in  fat  is  followed  by  a 
temporary  excess  of  fat  in  the  portal  blood,  and  by  the  consequent 
deposition  and  temporary  accumulation  of  part  of  tiiis  in  the  liver-cells. 
This  fat  is  principally  deposited  in  the  peripheral  cells  of  the  lobules,  that 
is,  in  those  which  are  in  immediate  contact  with  the  capillaries  of  the 
portal  vein.  After  filling  these  it  gradually  passes  to  the  central 
cells.  It  is  ultimately  conveyed  again  into  the  circulation.  This 
process  goes  on  until  the  excess  of  fat  is  removed  from  the  blood, 
and  the  cells  regain  their  former  character.  There  is  thus  a  tran- 
sitory accumulation  of  fat  within  the  liver-cells,  but  the  vitality  of  the 
cells  is  not  impaired  thei,-eby. 

Pathological  Accumulation. — The  fatty  liver 
is  one  which  constantly  contains  an  abnormal  quan- 
tity of  fat,  and  here  also,  as  the  fat  is  usually  deposited 
from  the  blood  in  the  portal  capillaries,  the  increase 
is  first  observable  in  the  external  zone  of  the  hepatic 
lobules  (Fig.  15).  It  accumulates  within  the  cells  as 
minute  globules  which  increase,  coalesce,  and  form 
P  ,  ^    J .  large  drops  of  fat.    These  ultimately  distend  the 

^"in  v7riourstlges  '^^^^^'^  become  larger  and  more  globular  (Fig.  1 6). 

of  Fatty  Accumu-  As  the  process  advances,  the  accumulation  spi-eads 
lation  X  300.  from  the  peripherj'  towards  the  centre  of  the 
(Rindfleisch.)  lobule,  until  its  whole  mass  may  be  involved,  and 
all  its  cells  distended  with  fat.  The  vitality  of  the  cells  is  not 
materially  impaired  by  the  change,  as  is  shown  by  the  presence  of  bile 
in  the  intestine  and  in  the  gall-bladder.  In  some  exceptional  cases  the 
accumulation  of  fat  is  most  marked  around  the  intralobular  veins.  In 
these  Virchow  suggests  that  the  fat  is  becoming  excreted,  and  that 
only  the  last  cells  retain  a  little  of  it.  In  cases  of  extreme  fatty 
accumulation,  such  as  sometimes  occurs  in  persons  dying  of  cancer  or 
phthisis,  a  section  of  the  liver  may  look  exactly  like  ordinary  adipose 
tissue,  being  distinguishable  from  it  only  by  a  faint  appearance  of  a 
radiating  structure  here  and  there,  or  an  occasional  section  through  tlie 
portal  canal  and  its  contained  vessels. 

To  the  tiakcd  eijc,  the  fatty  liver  is  generally  increased  in  size — 
in  advanced  stages  to  perhaps  twice  the  normal.  The  surface  is 
smooth,  the  edges  are  thickened  and  rounded,  and  the  specific  gravity 
is  diminished  so  that  detached  portions  may  float  in  water,  although 
the  absolute  weight  of  the  whole  organ  may  be  increased.     If  the 
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accumulation  of  fat  is  slight,  involving  merely  the  portal  zone  of  the 
lobules,  the  cut  surface  presents  a  mottled  appearance,  the  external 
fatty  zone  being  o23aque  yellowish  white,  whilst  the  centre  is  unaltered, 
or  is  hyperannic  and  appears  as  a  red  spot  {fcttii)  nutmeg  lU'er).  The 
more  extensive  the  accumulation  the  larger  is  the  pale  zone,  and  ulti- 
mately, when  the  whole  lobule  is  involved,  there  is  left  in  the  centre 
only  a  reddish  brown  point — marking  the  position  of  the  intralobular 
vein.  In  many  cases  even  this  point  is  lost :  then  the  organ  is  of  an 
almost  uniform  opaque  yellowish  white  colour,  and  the  boundary 
between  the  individual  lobules  may  be  completely  obscured.  In 
exceptional  cases  the  accumulation  of  fat  is  much  more  abundant  in 
some  portions  of  the  liver  than  in  others,  so  that  on  section  yellowish 
points  and  streaks  are  seen  scattered  over  its  surface.  The  consistence 
of  the  organ  is  much  diminished,  it  feels  doughy,  and  pits  on  pressure 
with  the  finger,  while  the  knife  used  to  cut  it  becomes  coated  with  oil. 
The  pressure  exercised  by  the  accumulated  fat  produces  considerable 
ana-mia  of  the  organ,  but  the  interference  with  the  circulation  is  never 
sufficient  to  cause  ascites,  hemorrhage  or  other  evidences  of  portal  congestion. 

Fatty  Accumulation  in  Muscle. 

1.  Fatty  Accumulation  in  Voluntary  Muscle. — The  cells  in 
the  connective-tissue  which  surrounds  the  fasciculi  of  the  muscle  may 
become  filled  with  fat :  this  development  of  ftxt  between  the  muscular 
fasciculi  (Fig.  17)  must  not  be  confounded  with  degeneration  of  the 
fibres  themselves.  The  interstitial  fat  thus  produced  varies  in  amount. 
In  some  cases  single  rows  of  fat-cells  alternate  with  rows  of  muscular 
fasciculi ;  at  other  times  the  accumulation  is  less  regular,  more  existing 
between  some  fibres  than  between  others  :  in  all  but  the  most  advanced 
cases,  however,  the  muscular  elements  may,  under  the  microscope,  be 
discovered  lying  amongst  the  fat — even  though,  to  the  naked  eye,  the 
muscle  appears  to  be  entirely  converted  into  fat.  Ultimately  the 
muscular  fibres  may  undergo  true  fatty  degeneration,  and  waste  until 
they  completely  disappear. 

This  form  of  fatty  accumulation  is  frequent  in  W'hich  have  been 

urtificiuUii  fattened — the  fat  being  also  increased  in  the  usual  situations. 
It  may  also  occur  in  muscles  which  from  any  cause  have  been  incapaci- 
tated for  some  time,  and  in  Avhich,  consequently,  the  circulation  is 
reduced  to  a  minimum.  Thus  it  is  found  in  long-standing  jjaralyses 
from  lesions  of  the  brain  or  cord  (upper  segment),  and  in  muscles 
which  have  been  rendered  useless  by  ankylosis  of  a  joint.  In  pro- 
gressive muscular  atrophy,  and  in  chronic  lead  poisoning,  the  affected 
muscles  exhibit  this  change,  together  with  true  fatty  degeneration. 

2.  Fatty  Accumulation  in  the  Heart.— This  is  not  infrecpient 
in  general  obesity,  and  after  pericarditis  followed  by  adhesion  of  the 
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two  contiguous  surfaces.  It  must  be  carefully  distinguished  from  the 
much  graver  condition  of  fatty  degeneration.  In  health  there  is  a 
varying  amount  of  fat  beneath  the  visceral  pericardium,  always  most 
abundant  around  the  vessels  in  the  grooves  between  the  auricles  and 
ventricles.  In  fatty  accumulation  this  may  increase  so  as  to  cover  the 
right  ventricle,  but  the  left  is  rarely,  if  ever,  completely  enveloped  :  at 
the  same  time,  the  fat  may  push  in  along  the  vessels  between  the 
muscular  fibres,  so  that,  on  the  right  side,  to  the  naked  eye,  all 


Fig.  i-j.— Fatty  Accumulation  in  the  Hcai  t.  A  section  from  cuter 
part  of  the  left  ventricle,  showing  growth  of  fat  (/)  between  the 
muscular  fibres.  In  some  places  fatty  degeneration  is  com- 
mencing ((/).    X  200. 


appeai-ance  of  muscular  structure  may  be  lost,  the  walls  looking  like  a 
layer  of  fat,  perhaps  half  an  inch  thick.  In  hearts  less  affected,  striae 
of  fat  will  be  seen  lying  amongst  the  muscle  (Fig.  17).  The  fat 
is  always  most  abundant  near  the  surface,  the  muscular  structure 
becoming  more  evident  towards  the  endocardium  :  at  the  base  of  the 
ventricles  thick  villous  processes  may  form. 

The  interstitial  fat  displaces  and  compresses  the  muscular  fibres 
betAveen  which  it  lies,  and  diminishes  the  blood-supply  and  contractile 
power  of  the  muscle,  perhaps  ultimately  causing  true  fatty  degenera- 
tion of  the  muscle.  The  two  processes  often  co-exist.  Fatty  accu- 
mulation is  probably  possible  only  as  the  functional  activitj'  of  the 
muscle  diminishes,  and  the  continued  action  of  the  causes  leading  to 
this  depression  would  ultimately  cause  degeneration  of  the  fibres.  Fatty 
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degeneration  and  wasting  of  muscular  fibres,  on  the  other  hand  are  very 
likely  to  be  followed  by  accumulation  of  fat  in  the  interstitiaUissue. 

Fatty  Degeneration  of  Muscle. 

Both  striated  and  non-striated  muscle  may  be  the  seat  of  fatty  de- 
generation. In  both,  the  muscle-cells  are  the  seat  of  the  change ;  they 
become  filled  with  fat-granules  and  are  ultimately  destroyed':  the 
process  thus  difi"ers  essentially  from  fatty  accumulation. 

1.  Non-striated   Muscle.— Fatty  degeneration   is  frequently 


Fig.  i8. — Aaiie  Fatty  Dege?ieratioii  of  Heart  and  of  other  Muscles 
(n/istained).  a.  Heart  ;  b.  Rectus  abdominis  ;  From  a  girl  suf- 
fering from  slight  valvular  disease  of  the  heart,  who  died  after 
profuse  menstrual  haemorrhage  and  vomiting,     x  400. 

met  with  in  the  middle  coat  of  arteries  undergoing  atheroma  and  in 
the  muscular  fibres  of  a  utevus  in  process  of  involution. 

2.  Striated  Muscle. — Both  the  voluntary  muscles  and  the  walls 
of  the  heart  show  identical  changes.  The  earliest  stage  of  the 
affection  is  characterised  by  an  indistinctness  in  the  transverse  markings 
of  the  fibres,  which  in  many  pails  become  studded  with  minute 
particles  of  fat  (Fig.  18).  These  gradually  increase  in  number  and 
size,  but  at  first  remain  small,  and  are  usually  disti-ibuted  some- 
what irregularly  within  the  sarcolemma.  In  some  parts  single  or 
parallel  rows  of  granules  are  found  running  along  the  length  of  the 
fibre ;  in  others  they  are  grouped  around  the  nuclei,  which  they  seem 
to  lengthen,  or  arranged  in  transverse  lines  corresponding  with  the 
striae  of  the  muscle.    The  fibres  become  extremely  friable,  and  are 
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readily  broken  up  into  short  fragments.  As  the  process  advances  the. 
transverse  markings  entirely  disappear, and  nothing  but  molecular  fat  and 
oil-globules  arc  seen  within  the  sarcolemma  (Fig.  ly).  It  has  recently 
been  affirmed  that  in  some  cases  the  striation  is  merely  obscured  by 
the  fat  droplets,  and  that  these  are  in  the  early  stages  confined  to  the 
interfibrillary  sarcoplasm.  The  sarcolemma  itself  may  ultimately  be 
destroyed,  and  nothing  remain  of  the  original  fibre  but  the  fatty  debris 
into  which  its  albuminous  constituents  have  been  converted.  This  is 
true  "fatty  degeneration"  of  muscle. 

This  change  is  seen  in  muscles  paralysed  from  "lower  segment" 
lesions,  such  as  progressive  muscular  atrophy  and  multiple  neuritis. 


Fig.  19. — Fatty  Degeneration  of  the  Heart.  From  a  case  of  Pernicious 
Anasmia.  The  protoplasm  is  replaced  by  globules  of  various  sizes 
stained  black  by  osmic  acid.  The  outlines  of  the  fibres  are  irregular 
owing  to  inequality  in  their  distension,     x  400. 

It  is  in  the  heart,  however,  that  fatty  degeneration  of  muscle  is 
most  frequently  met  with,  and  here  it  assumes  a  most  important 
aspect  from  the  deleteiious  influence  which  it  exercises  upon  the 
motor  power  of  the  organ.  The  degenei'ation  may  be  diffuse  or 
circumscribed;  slight  or  advanced;  acute  or  chronic.  The  wider  the 
extent  of  tissue  that  is  affected,  the  less  advanced,  as  a  rule,  is  the 
degree  of  the  degeneration.  It  is  in  those  cases  in  which  small  tracts 
of  tissue  only  are  involved  that  the  ]H'ocess  is  met  with  in  its  most 
advanced  stage. 

When  the  change  is  slight  as  in  the  diffuse  form,  the  muscle  is 
somewhat  softer  and  more  flabby  than  natmal  ;  it  is  more  friable,  and 
often  breaks  with  a  soft  granular  fracture ;  while  its  colour  is  rather 
paler  and  more  opaque  than  that  of  healthy  cardiac  tissue.  The 
microscope*  shows  the  muscular  fibres  to  have  lost  to  some  extent  their 
striation,  and  to  contain  granules  of  fat  (Figs.  18  and  19-) 
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The  diffuse  form  of  degeneration  often  occurs  rapidly  and  is  caused 
by  those  general  disturbances  of  metabolism  already  alluded  to  (p.  S4>). 

There  is  no  clear  line  dividing  the  diffuse  from  the  circumscribed 
form.  Sometimes  the  degeneration,  although  more  or  less  general 
and  due  to  genei'al  causes  (p.  34),  is  much  more  advanced  in  some 
parts  than  in  others. 

The  circumscribed  form  is  generally  due  to  sovie  interference  with 
the  circulation  in  the  coronari/  arteries.  This  occurs  especially  in  connec- 
tion with  aortic  incompetence,  and  explains  the  early  feilure  of  cardiac 
power  in  this  form  of  valvular  disease.  Atheromatous  changes  at  the 
orifices  of  these  arteries  lead  in  the  same  way  to  diffuse  fatty  de- 
generation. Adhesive  pericarditis  and  myocarditis  act  similarly ;  they 
hamper  the  heart  mechanically,  and  the  cause  of  the  inflammation  acts 
injuriously  on  the  muscle-cells. 

In  such  cases  the  heart  presents  a  mottled  appearance ;  opaque, 

pale  yellowish  or  brownish  patches  are  seen  irregularly  distributed 

throughout  its  substance.      These  patches,  which  vary  considerably 

in  size  and  form,  are  met  with  especially  in  the  papillary  muscles, 

the   columnae   carnese,  and   in   the   layers   of  fibres  immediately 

beneath   the   endocardium.     They   may   also   occur   beneath  the 

pericardium,   and   in   the   deeper   portions   of  the   organ.  They 

corresjiond  with  the  most  degenei'ated  portions  of  the  tissue.  They 

are  soft  and  flabby,  and  have  a  soft  consistence,  tearing  readily  under 

the  finger.    Under  the  microscope,  the  fibres  are  seen 

to  be  in  an  advanced  stage  of  fatty  degeneration, 

containing  particles  of  fat  and  oil-globules,  which  in 

many  parts  have  escajDed  and  lie  free  amongst  the 

suiTounding  but   less   degenerated   tissues.  These 

more  localised  degenerations  are  most  common  in  ^"'S:||'-^>' 

old  people,  and  usually  result  from  considerable  dis- 

ease  of  many  of  the  S7nall  branches  of  the  coronary         ^o.  —  Brozvn 

blood-vessels,  and  not  from    conditions   of  general     Atrophy  of  the 

anaemia.    The  peripheral  layers  of  the  muscular  walls     l^eart.  Show- 
,       „  ,  ,  .       .      c         ^  ine  the  granules 

also  frequently  undergo  extensive  tatty  degeneration         pigment  and 

as  the  result  of  pericarditis.    The  connection  between     the  atrophy  of 
these  localised  degenerations  and  the  occurrence  of     t'^e  fibres.  The 
rupture  or  of  aneurysm  of  the  heart  is  described  in     ^^"^^  ^^^^ 
the  chaper  on  Diseases  of  the  Heart.  dergone  sHght 

Brown  Atrophy  of  the  Heart. — Somewhat  fatty  degenera- 
allied  to,  and  occasionally  associated  with,  fatty  de-  ^ 
generation  of  the  heart,  is  the  condition  known  as  brown  atrophy 
or  pigmentary  degeneration.  This  consists  of  a  gradual  atrophy  of  the 
muscular  fibres,  together  with  the  formation  of  granules  of  brownish- 
yellow  or  blackish  pigment.  These  granules  of  pigment,  which  are 
probably  the  colouring  matter  of  the  muscle,  are  either  grouped  in 
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clusters  around  the  nuclei,  or  more  generally  distributed  within  the 
fibres.  The  fibres  are  frequently,  at  the  same  time,  tlie  seat  of  more 
or  less  fatty  degeneration  (Fig.  20).  This  change  usually  occurs  as  a 
senile  one,  or  as  a  part  of  general  marasmus  from  other  causes.  It  is 
also  met  with  in  some  cases  of  cardiac  hypertrophy.  Its  recognition 
is  in  most  cases  impossible  without  the  aid  of  the  microscope. 

Fatty  Degeneration  of  Blood-vessels. 

Primary  fatty  degeneration  of  blood-vessels  is  in  most  cases  a  senile 
change,  but  is  not  infrequently  met  with  in  young  and  apparently 
healthy  persons.  It  is  then,  in  all  probability,  due  to  deleterious  sub- 
stances in  the  blood,  or  to  some  intei'ference  with  the  nonnal  circulation. 


Fig.  21. — Fatty  Degaieration  of  the  Internal  Coat  of  the  Aorta.  Small 
yellowish  white  patches  were  scattered  over  the  lining  membrane  of 
the  vessel.  A  very  thin  layer  was  peeled  off.  The  groups  of  fal- 
globulesand  their  distribution  in  the  intimaare  shown,    x  200. 

Fatty  Degeneration  of  Arteries. — This  maj'  be  priman/,  or 
secondarij  to  atheroma  or  other  inflammatory  condition  of  the  vessels. 
(See  Arteries.) 

Pnincinj  fatty  degeneration  may  affect  any  or  all  of  the  coats  of  the 
artery,  but  is  most  commonly  met  with  in  the  intima.  The  change 
usually  commences  in  the  endothelial  and  sub-endothelial  cells,  small 
groups  becoming  affected  in  various  parts  of  the  vessel.  It  ma\' 
gradually  extend  from  within  outwards,  the  intercellular  substance 
softening,  until,  in  exceptional  cases,  the  whole  thickness  of  the  intima 
is  destroyed  (Fig.  !21). 

In  the  earlier  stages  this  condition  is  recognised  by  the  existence 
of  small,  irregular,  opaque,  yellowish  white  patches,  projecting  very 
slightly  above  tlie  surface  of  the  intima.  These  are  often  met  with  on 
the  lining  membrane  of  tlie  aorta.  They  are  in  most  cases  readily 
distinguishable  from  atheromatous  patches  by  their  superficiality,  and 
by  the  facility  with  which  they  can  be  stripped  off  from  the  subjacent 
layers,  which  present  a  natural  apjieavancc.  In  many  cjises  the  change 
is  limited  entirely  to  the  innermost  layers  of  tiie  vessel.  The  more  the 
subjacent  tissues  are  involved,  the  greater  is  the  irregularity  in  the 
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iipe  of  the  patches,  and  the  less  readily  can  they  be  sejiarated  with 
the  forceps. 

The  opaque  patches  occasionally  break  down.  For  this  to  happen 
tlie  cells  must  become  destroyed  by  the  fatty  change,  and  the  inter- 
cellular substance  softened.  The  granular  debris  thus  formed  is 
carried  away  by  the  circulation,  leaving  small,  irregular,  superficial 
erosions  upon  the  lining  membrane  of  the  vessel.  These  may  eventu- 
ally heal  by  proliferation  of  the  marginal  cells. 

Fatty  degeneration  is  also  liable  to  affect  the  especially  the 

nuiscle-cells  (Fig.  22) — and  in  this  situation  its  injurious  influence  is 
most  marked.  Here,  by  diminishing  the  elasticity  and  contractility  of 
the  vessel,  it  causes  degenerative  changes  in  the  parts  which  it  sup- 


FlG.  22. — Fatty  Degeneration  of  small  Vessels  oj  the  Pia  Mater.  From  a 
case  of  chronic  Bright's  disease,  a,  A  small  artery,  the  coats  of 
which  are  somewhat  thickened  ;  b,  A  capillary,  in  which  are  seen 
a  few  red  blood-corpuscles,     x  400. 

plie.s,  and  may  even  lead  to  rupture  of  the  affected  vessel  itself.  This 
is  exemplified  by  many  cases  of  chronic  cerebral  softening  and  cerebral 
hcemorrhage,  although  in  such  instances  atheroma  is  generally  associated 
with  the  simple  fiitty  changes.  In  the  larger  arteries,  as  the  aorta,  it 
is  of  much  less  importance  than  atheroma,  which  has  a  far  more 
deleterious  efl'ect. 

Fatty  Degeneration  of  Capillaries. — Fatty  changes  are  also 
found  in  the  capillaries,  especially  \\\  the  nervous  centres  and  the 
kidneys  in  Bright's  disease  (Fig,  22,  6.).  The  process  commences 
around  the  nuclei  of  the  endothelial  cells,  and  may  involve  considerable 
areas  of  the  capillary  wall,  so  that  rujiture  is  often  the  ultimate  result. 
This  is  common  in  the  smallest  cerebral  blood-vessels,  where  it  is 
sometimes  a  cause  of  cerebral  (capillary)  haemorrhage. 

Fatty  Degeneration  of  the  Kidneys. 

Fatty  degeneration  of  the  kidneys  frequently  occurs  as  a  residt  of 
inflammation  of  these  organs.    It  is  also  met  with  in  acute  yellow 
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atrophy  of  the  liver  and  in  chronic  wasting  diseases,  especially  in 
chronic  pulmonary  tuberculosis.  It  is  a  result  of  |)hosphorus  poisoning, 
pernicious  aniemia,  and  amyloid  degeneration. 

For  fatty  changes  in  the  tissues  of  the  nervous  system,  see  chapter 
on  diseases  of  nervous  system. 


MUCOID  DEGENERATIOIV. 

Mucoid,  Colloid,  Ihiulmc  nnd  Amyloid  Degenerations  resemblc 
one  another  in  the  structureless  appearance  of  the  new  material. 
The  chemical  composition  of  the  degenerative  product  is  not 
absolutely  constant  in  any  one  of  the  four.  According  to  some 
authorities,  hijaline  and  colloid  changes  should,  for  practical  purposes, 
be  regarded  as  identical ;  for  while  there  is  no  clear  distinction 
between  theiai,  they  both  include  many  complex  proteid  substances, 
resembling  one  another  in  their  gelatinous  consistence.  Other  patho- 
logists, again,  class  hyaline  with  amyloid  degeneration,  regarding  the 
former  as  an  early  stage  of  the  latter. 

In  mucoid  degeneration  the  affected  tissues  are  transformed  into 
a  soft  or  semi-fluid  substance  which,  in  its  final  stages,  contains 
mucin. 

The  cause  of  mucoid  degeneration  is  unknown.  Throughout  life  a 
mucoid  change  occurs  physiologically  in  the  secretion  of  mucus ;  a 
clear  drop  of  mucus  appears  in  the  protoplasm  and  increases  till  the 
cell  bursts  and  the  mucus  is  evacuated — the  cell,  as  a  rule,  not  being 
destroyed. 

SEATS. — Mucoid  degeneration  may  affect  both  cells  and  inter- 
cellular substance.  It  is  met  with  (l)  in  catarrh  of  mucous  membranes, 
the  transformation  occurring  much  more  rapidly  than  under  normal 
conditions,  and  the  cells  being  often  cast  off ;  and  (2)  as  a  gradual 
change  in  connective-tissue,  in  cartilage  (especially  the  intervertebral  and 
costal  cartilages  of  old  people),  in  bone,  and  in  many  new-growthx, 
including  those  of  the  connective-tissue  type,  as  well  as  cancers,  in 
which  it  may  affect  both  cells  and  matrix.  Ovarian  tumours  may  also 
undergo  mucoid  degeneration. 

APPEARANCES. —  Under  the  microscope,  these  are  the  same 
as  in  the  physiological  process,  but  the  cells  are  more  frequently 
destroyed.  To  the  naked  eye,  the  affected  parts  are  transformed  into 
a  homogeneous,  colourless  material,  of  a  soft,  mucilaginous,  jelly-like 
consistence.  When  the  change  is  limited  to  isolated  portions  of  the 
tissue,  the  softened  parts  often  present  the  appearance  of  cysts. 
These  are  most  frequently  met  with  in  the  costal  cartilages  and  in 
new-growths. 
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Myxoedema,  a  disease  due  to  atrophy  of  the  thyroid  body,  was  so 
named  on  the  supposition  that  the  swollen  connective-tissue,  charac- 
teristic of  the  disease,  contained  a  large  quantity  of  mucin.  It  has, 
however,  since  been  shown  that,  at  the  time  of  death,  the  proportion 
of  mucin  in  the  skin  is  only  slightly,  if  at  all,  in  excess  of  the  normal 
amount. 


COLLOID  DEGENERATION. 

Colloid  degeneration  consists  in  the  metamorphosis  of  cell- 
protoplasm  into  a  substance  known  as  colloid.  Chemically,  this 
is  said  to  differ  from  mucin  in  containing  sulphur  and  in  not 
being  precipitated  by  acetic  acid  or  alcohol ;  moreover,  it  swells  when 
treated  with  acetic  acid.  In  all  probability  the  name  is  applied  to 
different  substances  varying  widely  in  composition. 

In  the  adult,  many  vesicles  of  the  thyroid  normally  contain  some 
colloid ;  it  is  only  when  the  formation  of  this  material  becomes  general 
and  excessive,  producing  one  form  of  goitre,  that  the  process  is  to  be 
regai'ded  as  pathological. 

The  cause  of  this  foi-m  of  degeneration  is  unknown. 


SEATS. — Colloid  degeneration  occurs  most  fre- 
quently in  the  thyroid;  then  in  certain  new-growths, 
both  sarcomata  and  carcinoraata,  the  secondary  growths 
undergoing  the  same  change.  Ovarian  tumours  often 
contain  colloid. 

APPEARANCES.  —  Microscopically,  the  first 

change  observed  is  the  appearance  of  one  or  two  Fig.  23.  —  Colloid 

small  masses  of  colloid  in  a  cell  (Fig.  23).     These     Cells   from  a 

colIoidc3.nccr 

coalesce,  enlarge,  and  push  aside  the  nucleus  until  all  (Rindfleisch.) 
the  protoplasm  is  replaced,  and  the  cell  is  considerably 
swollen.  The  nucleus  usually  atrojihies  and  disappears,  but  may 
become  colloid.  Neighbouring  cells  coalesce  into  small  masses,  and 
these  again  into  larger,  which  not  uncommonly  look  as  if  they  were 
concentrically  laminated  (Fig.  24),  Thus  cavities  full  of  colloid  are 
formed.  The  intercellular  substance  atrophies  rather  than  degenerates, 
whereas  in  mucoid  degeneration  it  is  frequently  affected  by  the  morbid 
process. 

To  the  naked  eye,  colloid  is  a  colourless  or  pale  yellow,  glistening 
substance.  It  has  the  consistence  of  rather  soft  gelatin,  which  it  much 
resembles,  and  can  thus  be  distinguished  from  the  products  of  mucoid 
degeneration.  Quite  small  points  of  colloid  catch  the  eye  :  they  do 
not  stain  brown  with  iodine,  nor  rose-red  with  methyl  violet  (p.  5]). 
in  advanced  stages,  colloid  may  soften;  and  the  softened  masses. 
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Zenker's  Degeneration  of  Muscle. 


SEATS. — This  change  is  generally  regarded  as  a  form  of  colloid 
or  hyaline  degeneration.  It  was  first  found  by  Zenker  in  the  muscles 
in  typhoid  fever — chiefly  the  recti  abdominis,  adductors  of  the  thigh, 
the  diaphragm  and  tongue-muscles.  It  occurs,  though  less  often,  in 
other  infective  febrile  diseases,  such  as  small-pox  and  cerebro-spinal 

meningitis ;  in  trichinosis ;  in  abs- 
cesses and  tumours  of  muscle ;  and 
in  the  neighbourhood  of  burns  and 
bruises — either  before  or  after  sys- 
temic death. 

APPEARANCES.  —Micro- 
scopicallij,  the  altered  fibres  are  much 
swollen  and  the  transverse  striation 
is  lost.  The  sarcolemmata  are 
occupied  by  a  homogeneous,  struc- 
tureless material,  which  is  exceed- 
ingly brittle,  and  usually  presents 
a  wrinkled  appearance,  or  is  broken 
up  transversely  into  irregular  frag- 
ments (Fig.  2.5). 

The  portions  of  muscle  affected  are,  to  the  naked  eye,  semi-opaque, 
pale,  slightly  lustrous,  of  a  reddish  grey  or  brownish  yellow  colour,  and 


Kkj.  25. — Portion  of  ihe  Soleus  Muscle 
from  a  case  of  Typhoid  Fever,  showing 
two  degenerated  and  one  normal  musclc- 
fibp-es.    X  150. 
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abnormally  friable.  They  appear  somewhat  like  the  muscles  of  frogs 
or  of  fish.  In  no  part  are  all  the  fibres  affected.  The  damaged  fibres 
ai'e  regenerated  in  the  usual  way. 

.ffiTIOLOGY. — Two  views  are  held  concerning  this  change. 
According  to  some  pathologists,  it  is  a  variety  of  degeneration  or 
coagulation-necrosis  in  which  the  mnscle-fibres  become  brittle,  and 
generally  rupture.  Thus  Babes  regards  it  as  a-  coagnlation-necrosis 
due  to  the  action  of  the  toxines  of  the  typhoid  bacillus.  According 
to  others,  the  muscle-fibres  rupture  from  weakening  due  to  granular 
degeneration  or  to  damage  ;  while  the  appearances  just  described  are 
regarded  as  the  ordinary  manifestations  of  tissue-death,  as  they  can 
be  ijroduced  experimentally  by  rupturing  the  fibres. 


HYALINE  DEGENERATION. 

This  term  is  either  used  as  synonymous  with  colloid,  or  is  reserved 
for  a  certain  stage  in  a  change  peculiar  to  aiiciies  and  connedive- 
iissiie,  in  which  the  new  material  is  indistinguishable  from  colloid  and 
frequently  found  associated  with  amyloid  degeneration. 

SEATS. — The  chief  seats  of  this  change  ajipear  to  be  the  arteries 
of  the  brain  and  of  lymphatic  glands.  In  arterioles  the  intima  is  here 
and  there  converted  into  a  shining  thickened  layer,  giving  rise  to 
irregular  spindle-shaped  enlai'gements :  in  larger  arteries  becoming 
aneurysmal,  the  degenerative  change  follows  the  increased  growth  of 
connective-tissue  which  occurs  at  the  weakened  spot.  It  may  also  be 
found  in  fibrous  tissue  of  inflammatory  origin. 

When  hyaline  degeneration  occurs  in  conjunction  with  amyloid 
change,  it  generally  seems  to  b^'  the  immediate  pi-ecursor  of  the 
latter. 


AMYLOID  DEGENERATION. 

Syn:  "Waxy,  Albuminoid,  or  Lardaceous  Degeneration. 

Amyloid  degeneration  is  characterised  by  the  appearance  in  the 
tissues  of  a  firm,  colourless,  translucent  substance,  known  as  arm/bid 
or  lardacein.  This  substance  offers  an  exceedingly  prolonged  resistance 
to  gastric  digestion,  and  exhibits  characteristic  staining  reactions. 

SEATS  The  change  is  widely  distributed.    It  may  be  found  in 

almost  any  organ  ;  those  most  frequently  affected  are  spleen,  liver, 
kidneys,  intestines,  and  Isrmpliatic  glands.  Less  frequently,  and 
especially  when  the  change  in  the  organs  just  mentioned  is  advanced, 
minor  degrees  of  it  may  be  found  in  the  stomach,  supra-renal  capsules, 
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jiharyiix,  a'soj)hagus,  bladder,  prostate,  generative  organs,  serous  mem- 
branes, the  membranes  of  the  brain  and  cord,  and  muscle.  There  is  no 
rule  as  to  the  order  in  whicii  the  organs  are  affected.  As  a  local  change, 
distinct  from  the  above,  it  occasionally  affects  palho/ogiail  prmliul.s,  as- 
old  thrombi,  inflamed  glands,  scars  (especially  syphilitic)  and  tumours. 

APPEARANCES.  —  Micraxcoplcal/j/,  the  morbid  substance 
usually  a])pears  first  in  tlje  sub-endothelial  connective-tissue  of  the 
arterioles  and  capillaries  (Figs.  26,  28,  30),  and  in  the  media  of 
the  former ;  the  endothelium  is  unaff'ected  and  the  adventitia  usually 
escapes.  The  change  greatly  diminishes  the  lumen  of  the  vessel  ;  it 
does  not  affect  the  walls  of  the  latter  uniformly,  but  frequently  causes 
spindle-shaped  enlargements.  The  vessels  of  many  parts  escape 
entirely,  and  the  distribution  of  the  change  in  an  affected  organ  may 
be  quite  irregular,  while  the  primary  change  may  even  occur  in  con- 
nective-tissue ajjart  from  the  vessels. 

With  regard  to  the  further  spread  of  the  change,  all  authorities 
are  agreed  that  the  connective-tissue  in  every  affected  organ  suffers  most,, 
and  swells  into  homogeneous  waxy-looking  masses  which  frequentlj- 
coalesce.  Between  ihese,  the  fatty  and  shrivelled  cells  of  the  organ 
may  be  seen  (Fig.  28).  These  rarely,  if  ever,  undergo  amyloid  degen- 
eration. 

Organs  in  which  amyloid  degeneration  is  at  all  advanced  present 
features  so  characteristic  that  its  presence  can  be  readily  recognised  by 
the  nalced  eye.     They  are  considerably  and  uniformly  enlarged,  any 

edges  they  may  possess  becoming 
more  or  less  rounded.  Their  absolute 
wefght  is  increased,  and  also  their 
specific  gravity ;  their  surface  is 
smooth,  and  the  capsule  tense  and 
stretched  ;  their  consistence  is  fimii 
\^  J  and  somewhat  elastic.    On  section,. 

Fig.  2(>.— Fragments  of  Capillaries  wkuh    they  exhibit  a  peculiar  homogeneous, 
have ,uHk,go„e Aviyhid Degenera'iou.    glistening,  translucent  appearance, 

somewhat  resembling  white  wax. 
Owing  to  the  diminished  calibre  of  their  blood-vessels,  and  to  the 
pressure  exercised  by  the  new  material,  they  contain  but  little  blood, 
and  hence  ai'e  always  pale  in  colour.  In  slighter  degrees  of  the 
cliange,  spots  and  patches  of  the  morbid  material  may  be  scattered, 
like  grains  of  boiled  sago,  through  the  affected  organs.  Although  the 
above  characters  are  sufficiently  distinctive  in  advanced  stages,  the 
colour-reactions  mentioned  below  should  always  be  used,  for  they  will 
reveal  altered  ))atches — e.g.,  in  intestine— not  obvious  without  them. 
For  the  recognition  of  the  degeneration  in  its  earliest  stage  the  micro- 
scope is  also  necessary. 
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CHEMICAL  NATURE.— By  submitting  affected  organs  to 
gastric  digestion,  the  substance  may  be  obtained  ahmost  pure.  It  has 
been  shown  by  Krawkow  to  be  composed  of  an  organic  acid  (chon- 
droitin- sulphuric),  combined  with  some  form  of  albumin.  The  latter 
portion  of  the  compound  seems  to  vary  in  composition. 

With  regard  to  its  colour-reactions  the  best  for  nalced-eije 
purposes  is  that  with  iodine.  To  obtain  this,  wash  a  thin  slice  of  an 
affected  organ,  and  pour  over  it  a  watery  solution  of  iodine,  made  by 
diluting  the  tincture  with  three  times  its  bulk  of  water.  In  this  way 
the  amyloid  portions  are  at  once  stained  dark  mahogany  brown,  i  he 
healthy  tissues  assuming  a  bright  yellow  colour.  If  this  surface  be 
treated  with  a  ten  per  cent,  solution  of  sulphuric  acid,  the  degene- 
rated parts  frequently,  but  by  no  means  invariably,  assume  a  dark 
greenish  hue. 

The  iodine-reaction  quickly  fades  and,  therefore,  is  useless  for 
permanent  preparations.  It  is  occasionally  given  with  other  albuminous 
compounds,  and  cannot  always  be  obtained  in  the  earliest  stages  of 
amyloid  degeneration. 

For  microscopic  purposes,  the  most  reliable  reaction  is  that  obtained 
by  staining  the  sections  with  methyl  violet  (one  per  cent,  watery  solu- 
tion). After  some  hours,  the  amyloid  parts  are  stained  bright  magenta, 
and  the  rest  of  the  tissues  blue.  This  staining  is  more  permanent 
than  that  by  iodine.  In  advanced  stages  of  the  disease,  a  useful 
reaction  may  be  obtained  by  staining  sections  with  iodine,  mounting 
them  in  glycex'ine  and  placing  at  the  edge  of  the  cover-glass  a  very 
small  quantity  of  strong  sulj^h uric  acid:  in  about  twenty-four  hours, 
the  amyloid  tissues  will  be  found  stained  blue. 

.ETIOLOGY. — Amyloid  degeneration  is  said  to  be  commoner 
in  males  than  in  females,  and  to  originate  below  the  age  of  thii-ty.  It 
is  almost  always  secondary  to  jjrolonged  and  profuse  suppuration,  and  is 
commonly  associated  with  chronic  tubercular  disease  of  lung,  bone, 
joint,  or  kidney ;  with  empyemata  and  septic  compound  fractures ; 
and,  less  frequently,  with  dysentery,  actinomycosis,  and  the  cachexia 
of  tertiary  syphilis,  especially  when  there  is  chronic  bone  disease. 
Rarely  it  appears  in  the  cachexias  of  severe  malaria,  of  leucocythaemia 
and  of  cancer  ;  and  very  rarely,  especially  in  children,  the  degeneratioii 
may  seem  to  be  -primary. 

The  degeneration  may  appear  in  two  to  three  months,  or,  under 
apparently  similar  circumstances,  its  onset  may  be  long  delayed, 
especially  in  young  children.  Like  hectic  fever,  it  occurs  much  more 
readily  as  a  result  of  suppuration  in  an  ill-drained  cavity  than  from  a 
cutaneous  ulcer,  upon  which  the  pus  cannot  accumulate  under 
pressure,  and  from  which,  therefore,  toxines  are  not  so  likely  to  be 
absorbed. 
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Lubarsch  produced  tlie  elifinge  expciiiiiLiilally  in  auimals,  by 
exciting  and  maintaining  siij)i)uration  by  means  of  cultures  of  tlie 
Stapbijlovuccnx  pi/ugciiex  aiirciix,  and  proved  its  presence  in  a  jwrtion 
of  the  spleen  which  he  excised.  The  animals  were  then  allowed  to 
recover  from  the  suppuration  and  subsequently  killed,  when  the 
remainder  of  the  spleen  was  found  free  from  any  trace  of  amyloid 
degeneration. 

According  to  some  unconfirmed  observations  the  change  may  also 
follow  suppuration  induced  by  injections  of  turpentine  or  of  thetoxines 
of  the  Bacillus  pyocyaneus.  The  variations  in  the  chemical  comjwsition 
and  in  the  staining  affinities  of  amyloid,  and  the  varied  conditions 
under  which  it  occurs,  certainly  suggest  the  possibility  of  variety  in  its 
causation. 

EFFECTS. — The  diminution  of  the  blood  supply,  due  to  narrow- 
ing of  the  arterioles  combined  with  the  direct  pressure  of  the  new 
material,  causes  the  atrophy  and  fatty  degeneration  of  the  essential 
cells  which  nearly  always  occur  in  organs  undergoing  amyloid 
degeneration.  The  change  in  the  vessel- walls  alters  the  quantity  and 
quality  of  the  transudation,  as  is  shown  by  the  changes  in  the  urine 
when  tne  kidneys  are  affected  (p.  .56). 

Removal  of  the  cause — e.g.,  chronic  suppuration — of  amyloid  degen- 
eration may  lead  to  arrest  of  the  deposit,  and  to  its  disappearance 
from  the  diseased  organs,  even  in  marked  cases ;  but  in  the  great  majority 
of  instances  the  change  is  steadily  progressive,  and  terminates  fatally. 

PATHOLOGY. — Krawkow  obtained  a  compound  very  similar 
to  amyloid  from  the  normal  aorta  of  a  horse,  as  well  as  from  cartilage 
and  the  organic  framework  of  bone,  so  that,  as  in  other  cases,  it  is 
possible  that  amyloid  degeneration  has  a  physiological  prototype. 

From  the  facts  already  cited  it  is  highly  probable  that  the 
degenerative  product  in  amyloid  disease  is  not  always  exactly  the 
same,  and  that  it  cannot  always  be  sharply  marked  off  from  the 
products  of  other  degenerations.  The  exjieriments  of  Lubarsch  and 
others,  quoted  above,  show  that  the  disease  may  be  due  to  the  presence 
of  the  toxines  of  the  Staphylococcus  pyogenes  aureus.  It  is  further 
probable  that  the  degeneration  is  always  due  to  the  action  of  some 
bacillary  toxiiie  which  affects  the  metabolism  of  the  cells,  and  leaiis 
to  the  formation  and  deposition  of  unusual  derivatives  of  albumin. 
The  disease  is  usually  classed  among  the  degenerations  (j).  22). 

Amyloid  Degeneration  of  the  Liver. 

Mkroscupicdll;/,  the  earliest  changes  are  observed  in  the  walls 
of  the  capillaries  and  arterioles  of  the  hepatic  artery ;  and,  very  rarely. 
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in  the  caiiillaries  of  the  portal  vein.  Thence  the  deposit  spreads  to 
the  intralobidar  connective-tissue  round  the  affected  vessels,  ultimately 


Fig.  27. — /4myloid  Liver.  Part  of  a  lobule,  showing  ina=ses  of  amyloid, 
and  the  greater  implication  of  the  intermediate  and  central  zones. 
Towards  the  periphery  are  seen  a  number  of  fat-globules,  a  certain 
amount  of  fatty  accumulation  being  associated  with  the  amyloid 
change,    v,  Inti'a-lobular  vein,     x  100. 

reaching  and  affecting  the  tissue  between  the  lobules  and  leading  to 
confusion  of  their  outlines.  The  connective  tissue  swells  into  homo- 
geneous columns  which  split  readily  into  flakes,  somewhat  suggestive, 
under  a  low  jioAver,  of  masses  of  degenerated  liver-cells  or  even  of  whole 


Fig.  28. — Amyloid  Degeneralion  of  Liver,  showing  the  fatty  shrunken 
liver-cells  full  of  dark  granules.  The  paler  homogeneous  masses 
are  the  swollen  capillaries  which  have  undergone  amyloid  degenera- 
tion. In  two  p'aces  the  nuclei  of  the  cells  forming  the  walls  of 
the  capillaries  are  visible,     x  650. 

lobules  (Fig.  27).  Careful  examination  (p.  .51),  however,  reveals,  between 
the  amyloid  masses,  the  liver-cells  more  or  less  atrophied  and  pigmented, 
the  peripheral  cells,  especially,  being  infiltrated  with  fat  (Fig.  28). 
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To  the  naked  nje,  the  amyloid  liver  possesses  llie  typieal  eha- 
racters  already  described  (p.  50).  If  the  change  is  very  far  advamed, 
the  tissue  may  be  perfectly  homogeneous,  all  distinction  between 
the  individual  lobules  being  lost.  In  other  cases  the  lobules  are 
distinctly  mapj)ed  out;  they  are  enlarged,  and  the  external  zone 
may  be  of  an  opaque  yellowish-white  colour  owing  to  the  presence  of 
fat.  This  association  of  the  fatty  and  amyloid  changes  is  exceedingly 
connnon.  Amyloid  degeneration  does  not  obstruct  the  portal  circu 
lution,  and  hence  does  not  cause  ascites  (see  "  Cirrhosis  of  Liver "), 
except  in  those  rare  cases  in  which  the  portal  vessels  are  involved.  It 
causes  fatty  degeneration  and  atrophy  of  the  hepatic  cells,  and  thus 
interferes  with  the  functions  of  the  oi-gan. 

If  sections  are   stained  with  iodine,  the  mahogany  colour  vill 

frequently  be  found  limited  to  the 
so-called  "  intermediate  zone  "  of  the 
lobules — the  area  of  distribution  of 
the  hepatic  artery.  The  appearance 
thus  j)roduced  is  that  of  a  number  of 
])artially  compressed  rings  with  pale 
centres,  and  still  paler  intervening 
spaces  (Fig.  29).  Thus  the  earliest 
seat  of  amyloid  degeneration  differs 
from  that  of  fatty  infiltration,  in 
which  the  fat  fii'st  accumulates  in  the 
cells  of  the  outer  or  portal  zone 
(Fig.  15),  and  from  that  of  p;issive 
congestion,  in  Avhich  the  clianges 
begin  in  tlie  central  zone  around  the 
intralobular  vein.  All  these  changes  not  uncommonly  occur  together. 
As  the  amyloid  change  advances,  first  the  central  zone  and  later  on  the 
peripheral  zone  are  affected,  and  even  the  interlobular  connective-tissue 
may  ultimately  become  involved. 


Fig.  29. — Amyloid  Liver.  Stained 
with  iodine.  The  darkest  portions 
represent  the  affected  intermediate 
zones.    Natural  size. 


Amyloid  Degeneration  of  the  Kidneys. 

Microscojncalli/,  the  degeneration  is  first  observed  in  the  Malj)ighian 
bodies  (Fig.  30).  At  first  only  a  few  of  the  capillary  loops  in  each 
tuft  are  affected,  but  all  the  loops  gradually  become  involved.  The 
whole  coil  then  presents  an  ill-defined  outline  and  glistening  surface. 
The  change  in  the  meantime  extends  to  the  afferent  arteries,  to  the 
capillary  network  around  the  tubules,  to  the  arteriole  recta-  of  the 
medidla,  and,  in  advanced  cases,  to  the  intertubidar  tissue  and  to  the 
tunica  propria  of  the  tubules.  It  is  doubtful  if  the  epithelium  ever 
undergoes  amyloid  degeneration.  The  distribution  of  the  change  m;:y 
be  very  irregular. 
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At  first,  the  tubes  and  epithelium  appear  normal.  Many  of  the 
former  contain  the  pale  hyaline  casts  which  appear  in  the  urine.  These 
.are  probably  simple  exudation-products,  but  they  occasionally  stain 
brown  with  iodine,  and  thus  have  been  supposed  to  consist  of  amyloid. 
According  to  Ziegler,  however,  these  casts  do  not  exhibit  the  otiier 
typical  reactions  of  amyloid.  As  the  change  advances  the  diminished 
blood-supply  and  the  direct  pressure  of  the  new  material  may  lead 


.  Fig.  30. — Amyloid  and  Fatly  Degeneration  of  th.e  Kidney,  a.  Normal 
capillary  loop  ;  b,  Amyloid  capillary  loop  ;  c,  Fatty  epithelium  of 
the  glomerulus ;  c,,  Fatty  epithelium  of  the  capsule  ;  d,  Oil-drops 
on  the  capillary  walls  ;  e,  Fatty  epithelial  cells  in  situ  ;  /,  Loosened 
futyepithelial  cells  ;  g,  Hyaline  coagula  (forming  "  casts  ")  ;  li,  Fatty 
cast  in  section  ;  z,  Amyloid  artery  ;  k,  Amyloid  capillary  ;  I,  In- 
filtra'.ion  of  connective-tissue  with  leucocytes  ;  m,  Round-cells 
(leucocytes)  inside  a  uriniferous  tubu'.e.     x  300.  (Ziegler.) 

to  atrophy  and  fatty  degeneration  of  both  glomerular  and  tubular 
ejiithelium ;  but  more  frequently  these  changes  occiu-  at  an  earlier 
stage,  and  are  due  to  chronic  parenchymatous  nepliritis.  The  tubes,  in 
such  cases,  are  distended  with  both  cloudy  and  fatty  cells,  and  the  inter- 
tubidar  tissue  is  more  or  less  infiltrated  with  rouiul  cells  {large  white 
amifloid  kidnetf).  In  the  later  stages  of  the  process  there  is  almost 
;dways  increase  of  the  intertubular  tissue,  which,  together  with  the 
disapj)earance  of  tubes,  leads  to  shrinking  aud  toughening  of  the 
organ,  to  adhesion  of  the  capsule,  to  irregularity  of  the  surface,  and  to 
formation  of  small  retention  cysts. 
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The  naked- cijc  ai)|)earancc;.s  vary  witli  tlie  extent  of  tlie  degeiKMa- 
tion,  and  may  be  modified  by  the  presence  of  chronic  nephritis. 

If  thin  slices  of  a  kidney  in  tlie  earliest  stages  of  amyloid  degenera- 
tion be  stained  with  iodine,  a  Malpighian  body  will  here  and  there 
appear  as  a  brown  dot,  and  the  straight  arteries  of  the  pyramids  as 
brown  lines,  although  the  unstained  kidney  is  still  normal  in  appearance. 

As  the  disease  advances,  the  organ  enlarges, 
especially  the  cortex.  The  surface  is  smooth, 
and  the  capsule  separates  readily.  The  en- 
larged cortex  is  remarkably  pale  and 
anscmic,  and  has  a  peculiar  translucent, 
homogeneous,  wax-like  appearance.  Its 
consistence  is  hard  and  firm.  A  few 
scattered  vessels  may  be  seen  on  the  surface, 
and  the  bases  of  the  pyramids  sometimes 
exhibit  increased  vascularity.  If  iodine  be 
applied  to  the  cut  surface  (p.  51),  the  Mal- 
pighian  bodies  and  the  arteries  of  the  cor- 
tex become  mapped  out  as  clearly  as  in  an 
artificial  injection  (Fig.  31).  The  enlarged 
Malpighian  bodies  may,  indeed,  be  seen  as 
glistening  semi-translucent  points  before  the 
iodine  is  applied.  Frequentl}*,  the  homo- 
geneous appearance  of  the  cortex  is  inter- 
rujoted  by  minute,  opaque,  yellowish  white 
lines  and  markings :  these  are  produced  by 
fatty  changes  in  the  epithelium  of  the  tubes, 
due  generally  to  concomitant  nephritis. 
Ultimately  the  capsule  becomes  more  or  less  adherent,  and  slight 
irregular  depressions  make  their  appearance  upon  the  surface  of  the 
oi'gan;  the  latter  are  due  to  atrophic  changes  in  some  of  the  tubes.  If, 
as  is  usually  the  case,  the  process  is  associated  with  an  increase  in 
the  intertubular  connective-tissue,  the  atrophy  may  render  the  organ 
even  smaller  than  normal. 

Sometimes  the  enlargement  of  the  organs  is  very  great.  In  these 
cases,  the  increase  in  size  is  mainly  due  to  inflammator}-  changes,  such 
as  have  been  referred  to.  The  frequency  with  which  such  combina- 
tions occur  renders  it  advisable  to  examine  all  large  pale  kidneys  for 
amyloid  changes. 

EfiFects.—  The  capillary  walls  in  the  Maljiighian  bodies  are  so 
altered  that  albumin  and  an  increased  quantity  of  fluid  readily 
permeate  them  ;  and  thus  is  produced  the  large  amount  of  urine,  some- 
times loaded  with  albumin,  which  characterises  the  earlier  stages  of 
this  affection  :  tlu'  polyin-ia  is,  however,  not  so  great  as  in  the  graiudar 


Fig.  31.  —  Amyloid  Kidney. 
Stained  with  iodine.  The 
dark  parts  represent  tlje  Mal- 
pighian bodies  and  arteries 
which  have  undergone  the 
amyloid  change.  From  a 
child.    Natural  size. 
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contracted  kidney,  in  which  disease  the  general  arterial  tension  is 
liaised.  If  inflammatory  changes  supervene,  the  urine  diminishes  in 
quantity.  The  excretion  of  urea  is  less  interfered  with  than  in  any 
form  of  nephritis,  nor  is  the  internal  secretion  seriously  aflected,  ibr 
ur£Emia  seldom  occurs  in  uncomplicated  cases.  Tube-casts  are  rarely 
numerous;  they  are  for  the  most  part  hyaline  or  finely  granular, 
though  sometimes  they  are  covered  with  fatty  epithelium.  In  advanced 
cases  there  is  marked  dropsy. 

The  association  of  clu'onic  tubal  nephritis  with  amyloid  change 
is  so  frequent  as  to  suggest  the  possibility  of  a  common  cause  to  the 
two  conditions. 


Amyloid  Degeneration  of  the  Spleen. 


Two  forms  are  generally  described  : — (1)  the  sago  sj)leen,  the 
commoner  form,  in  which  the  disease  commences  in  the  Malpighian 
follicles;  and  (2)  the  diffuse  form,  in 
which  the  whole  splenic  ])ulp  is  first 
implicated,  and  in  which  the  Malpighian 
follicles  often  escape.  The  two  forms  are 
occasionally  combined. 

In  the  sago  spleen  the  first  micro- 
scopical changes  are  observed  in  the 
capillai'ies  and  arterioles  of  the  Mal- 
pighian follicles.  The  reticulum,  of 
which  the  follicle  largely  consists,  is 
next  involved,  then  the  small  vessels 
in  the  neighbourhood,  and  finally  the 
pulp.  In  the  early  stages,  the  central 
artery  of  the  corjiuscle  usually  escapes, 
the  change  is  first  observed  in  its  middle  coat.  In  the  diffuse 
form  the  degeneration  begins  in  the  neighbourhood  of  the  capillary 
veins  of  the  pulp,  and  spreads  thence  to  the  trabeculae,  arterial  capil- 
laries, and  possibly— though  this  is  very  doubtful— to  the  cells.  The 
Malpighian  follicles  often  escape,  but  their  central  arteries  are  generally 
involved. 

To  the  naked-ei/e,  the  sago  spleen  is  more  or  less  enlarged  ;  its 
weight  and  density  are  also  increased.  The  cut  surface  is  smooth,  dry, 
and  studded  all  over  with  small,  glistening,  sago-like  bodies,  varying 
in  size  from  a  millet  to  a  hemp  seed.  These  are  stained  reddish-brown 
by  the  iodine  solution  ;  but,  as  the  central  artery  generally  escapes, 
the  mahogany-coloured  nodules  have  pale  centres.  These  nodules 
may  enlarge  until  they  occupy  a  considerable  portion  of  the  organ, 
although,  in  earlier  stages  of  the  affection,  they  are  so  minute  that 
they  can  be  seen  only  in  tiiin  sections  of  the  tissue.    In  the  later 


Fig.  2,'^.  —  Amyloid  Sago  Spleen. 
Stained  with  iodine.  The  Mal- 
pighian follicles  are  daildy  stained, 
and  as  a  rule  have  unstained 
centres.  From  a  child.  Naturalize. 

When  it  becomes  aifected, 
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stages,  therefore,  there  is  a  considerable  resemblance  between  iotline- 
stained  sections  of  liver  and  of  spleen,  as  may  be  seen  by  comj)ating 
Figs.  29  and  3-2. 

In  the  diffuse  form  the  organ  often  attains  a  mucli  larger  size  than 
is  met  with  in  the  sago  sj)leen.  It  is  remarkably  hard  and  firm,  and 
the  capsule  is  tense  and  transparent.  On  section,  it  jiresents  a  dry, 
homogeneous,  translucent,  bloodless  surface,  of  a  uniform,  dark  reddisii 
brown  colour.  Thin  sections  can  be  readily  made  with  a  knife,  the 
organ  cutting  like  soft  wax.  The  corpuscles,  if  affected,  are  not  visible 
as  in  the  former  variety,  being  obscured  by  the  surrounding  pulji. 

Amyloid  Degeneration  of  the  Alimentary  Canal. 

The  mucous,  submucous,  and  muscular  coats  of  the  cesophagus, 
.stomach,  and  intestines  may  be  involved ;  but  these  organs  are 
probably  never  affected  alone.  The  change  frequently  co-exists  with 
tubercular  ulceration.  In  the  alimentary  tract  the  disease  is  very  a])t 
to  escape  observation,  as  it  usually  produces  but  little  alteration  in  the 
appearance  of  the  parts.  The  mucous  membrane  may  be  pale,  smooth, 
translucent,  and  oedematous  ;  in  very  advanced  cases  there  may  be 
some  rigidity  and  thickening  of  the  bowel-wall,  and  even  ulcers — due, 
it  has  been  suggested,  to  the  snapping  of  rigid  villi.  The  eflFect  of  the 
application  of  iodine  to  the  washed  mucous  surface  is  very  character- 
istic. In  the  small  intestine — perhaps  the  part  most  commonly 
affected — small,  closely  set,  reddish  brown  points  appear  over  the 
whole  surface  of  the  membrane  ;  these  correspond  to  the  intestinal 
villi,  the  arteries  and  capillaries  of  which  have  undergone  the  amyloid 
change.  In  the  stomach  and  oesophagus  the  vessels  maj-  be  similarly 
mapped  out  by  iodine  (p.  51). 

The  change  in  the  intestine  gives  rise  to  serous  diarrhoea,  ])robably 
due  to  increased  permeabilitj^  of  the  degenerated  vessel-walls.  Both 
absorption  and  secretion  are  much  impaired,  so  that  implication  of  the 
alimentary  tract  has  a  grave  general  effect. 

Corpora  Amylacea. 

Corpora  amylacea  or  "  amyloid  bodies  "  were  formerly  looked  u|)on 
as  consisting  of  amyloid  substance ;  there  a])peai-s,  liowever,  with 
he  exception  of  a  certain  similarity  in  their  behaviour  with  iodine  and 
sulphuric  acid,  to  be  no  connection  between  them. 

They  are  round  or  oval  bodies,  formed  of  a  succession  of  concentric 
layers,  and  are  often  changed  to  a  deej)  blue  colour  by  iodine,  thus 
bearing,  both  in  structure  and  chemical  jjroperties,  a  strong  resemblance 
to  granules  of  vegetable  starch  (Fig.  33) ;  but,  sometimes,  the  blue  is 
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exhibited  only  after  the  subsecjuent  addition  of  sulphuric  acid,  and 

tluis  a  resemblance  is  shown  to  amyloid  substance.    Many  of  these 

bodies,  however,  are  coloured  green,  or  even 

brown,  by  these  reagents.    The  green  is  due 

to  their  admixture  with  nitrogenous  matters, 

which  give  a  yellow  colour  with  iodine,  and 

hence  the  combination  yields  a  green.  The 

greater  the  amount  of  nitrogenous  matter 

the  browner  does  the  colour  become.    They  iZ--Corpora  Amylacea 

„  .  .  -  from  the  Prostate.  (Virchow. ) 

vary  m  size  irom  microscopic  granules  to 

bodies  which  are  distinctly  visible  to  the  naked  eye,  sometimes 
being  as  much  as  a  sixth  of  an  inch  in  diameter.  The  larger  are 
usually  formed  by  the  conglomeration  of  smaller  granules,  which  are 
often  enclosed  by  a  common  envelope. 

They  esjiecially  occur  in  conditions  of  atrophy  or  softening  of  the 
nervous  system.  The  ependyma  of  the  ventricles,  the  white  substance 
of  the  brain,  the  choroid  plexus,  the  optic  nerve  and  retina,  and  the 
spinal  cord  are  their  favourite  seats.  The  larger  forms  are  met  with  most 
frequently  in  the  prostate.  The  prostate  of  nearly  every  adult  contiiins 
some  of  these  bodies  ;  and  they  may  accumulate  in  that  organ  to  such 
an  extent  as  to  form  large  concretions.  They  are  occasionally  met 
with  in  the*  lungs,  and  in  mucous  and  serous  membranes. 

The  corpora  amylacea,  especially  those  occurring  in  the  choroid 
plexus  and  in  the  lateral  ventricles,  are  very  liable  to  become  calcified, 
4md  they  then  constitute  one  form  of  "  brain  sand  "  which  is  so  often 
met  with  in  these  situations. 

From  their  laminated  structure  these  bodies  would  appear  to  be 
formed  by  gradual  deposition  upon  a  central  nucleus. 


CALCAREOUS  IIVFILTRATION. 

Calcareous  Infiltration  or  Calcification  consists  in  the  infiltration  of 
tissues  with  calcareous  particles.  It  is  a  purely  passive  jirocess,  the 
cells  taking  no  part  in  it :  the  tissue  is  gradually  petrified  by  the 
deposit  of  earthy  salts  from  the  blood.  It  is  difficult  to  find  a  physio- 
logical type,  but  perhaps  the  deposit  of  earthy  salts  in  the  walls  of 
the  primary  areolae  (see  Rickets)  in  a  growing  long  bone  may  be 
regarded  as  such.  Ossification  is  quite  distinct  from  calcification,  for  in 
it  everything  points  to  life  and  growth  ;  the  cells  are  undergoing  active 
changes,  and  are  obviously  concerned  in  receiving  the  salts  from  the 
lymph  and  in  combining  them  most  intimately  with  the  organic  matrix. 

-fflTIOLOGY.— Earthy  salts  in  solution,  chiefly  tlic  phosphates 
iind  carbonates  of  calcium  and  inagnesimn,  are  brought  to  the  part  hy 
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blood  and  lymph,  carbon  dioxide  being  probably  the  solvent.  In 
inquiring  why  these  salts  should  be  permanently  dejiosited  in  eertain 
tissues,  attention  must  be  directed  to  the  facts  that,  in  the  innneiise 
majority  of  cases,  the  tissues  affected  are  dead  or  dying,  and  that 
calcification  is  a  common  senile  change.  It  is  probable,  therefore,  that 
feeble  nutritive  activity  and  a  retarded  blood  stream  are  together 

responsible  for  its  occurrence.  Rind- 
fleisch  taught  that  carbon  dioxide 
escaped  from  the  stagnating  lyn.ph- 
stream,  and  that  the  earthy  salts 
were  consequently  precipitated :  more 
recently,  others  have  held  that  cal- 
cification is  due  to  a  combination  of 
these  salts  with  certain  albuminoid 
bodies  and  with  fatty  acids. 
Via.  ■ii,.— Calcified  TrichincB  in  Muscle.  Sometimes  calcareous  infiltration 
In  two  of  the  parasites  the  capsules  and  ^  absolute  in- 

contents  are  so  far  calcined  that  hardly     '  '■ 

any  trace  of  the  coiled  embryo  remains,  crease  of  calcareous  salts  in  the  blood. 

In   the  other  the  trichina  is  dead,   such  as  may  be  supposed  to  occur  in 

shrivelled  and  becoming  infiltrated,  extensive  Caries  and  in  osteomalacia. 
X  30. 

A  portion  of  the  excess  is  then  de- 
posited more  or  less  widely  in  the  tissues — especially  in  the  lym- 
l)hatic  glands  and  kidneys,  and  less  frequently  in  the  lungs,  stomach, 
intestines,  dura  mater,  and  liver.  The  deposit  takes  place  chiefly  in 
the  connective  and  least  active  tissue  of  the  organ,  which,  moreo\  er, 
immediately  surrounds  the  vessels— e.^.,  in  the  interlobular  tissue  of  the 
lungs  and  in  the  stroma  between  the  glands  of  the  stomach  ;  but,  in 
the  kidney,  the  epithelium  is  infiltrated  as  well  as  the  mtertubular 
tissue.  Analogous  to  this  form  of  calcification  is  the  deposition  of 
the  bi-urate  of  sodium  which  takes  place,  especially  in  cartilage,  fibrous 
tissue,  and  synovial  membranes,  and  forms  the  commonest  manifesta- 
tion of  gout.  It  is  probable  that,  in  this  case  also,  the  deposit  occin-s 
first  in  tissues  in  which  the  nutritive  activity  is  most  feeble.  A  certain 
amount  of  chalky — like  fatty — infiltration  may  perhaps  occur  without 
marked  impairment  of  function  ;  but,  as  completely  calcified  j)arts  are 
certainly  dead,  either  the  infiltration  has  the  power  to  kill  or  it  aflfects 
dying  parts. 


SEATS. — As  a  senile  change,  calcification  affects  most  frequently 
the  arteries  and  hyaline  cartilages — excepting  articular  cartilages.  It 
occurs  similarly  in  pathological  tissues  of  which  the  life  is  feeble — e.g., 
in  uterine  myomata  after  the  climacteric  and  in  old  scars.  Dead  tissues 
locked  up  in  the  body  are  also  very  likely  to  become  calcified — v.g., 
thrombi  {phlebolUki),  parasites  (Fig.  34),  atheromatous  patches  in 
arteries,  and  the  caseous  masses  so  common  in  hnigs  and  lymphatic 
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gl;uuls  which  liave  underg-oiie  chronic  tubercular  changes.  The  best 
example  is  the  complete  calcification  of  a  dead  fcctus,  which  some- 
times occurs  when  this  is  retained  in  the  abdomen,  in  the  case  of  an 
extra-uterine  foetation  (lithopcedioii). 

APPEARATVCES,  —  1.  Microscopic— The  calcareous  particles 
make  their  appearance  both  within  the  cells  and  in  the  intercel- 
lular substance ;  they  are  much  more  frequent,  however,  in  the  latter 
situation.  Tliey  are  seen  at  first  as  very  fine  dust  scattered  irregularly 
through  the  intercellular  substance  (Fig.  35).    They  are  characterised. 


Fig.  35. — A  Calcifying  Sarcoma.    From  a  secondary  tumour  of  the 
lung.  Showing  the  calcification  of  a  spindle-celled  growth,    x  200. 

when  viewed  by  transmitted  light,  by  their  opacity,  black  colour, 
irregular  outline,  and  solubility  in  dilute  mineral  acids,  usually  with 
evolution  of  bubbles  of  carbon  dioxide.  They  gradually  increase  in 
number  until  ultimately  large  tracts  of  tissue  may  be  converted  into  an 
opatjue  calcareous  mass,  in  which  the  cells  are  enclosed  and  can  no 
longer  be  recognised.  These  large  masses  have  a  sharp  black  irregu- 
lar outline,  and,  as  the  calcification  becomes  complete,  acquire  a  homo- 
geneous, glistening,  semi-transparent  appearance.  The  cells  them- 
selves are  much  less  frequently  infiltrated,  being  merely  enclosed  and 
obscured  by  the  calcified  intercellular  substance.  Calcareous  particles  " 
may,  however,  make  their  appearance  in  the  protoplasm,  and,  gradually 
increasing,  convert  the  cell  into  a  homogeneous  calcareous  body. 
Calcification  of  ganglion-cells  alone  is  not  uncommon  in  degenerative 
processes  in  the  brain. 

If  the  saline  matters  are  dissolved  out  with  a  little  dilute  mineral 
acid,  the  structure  of  the  part  may  be  again  recognised,  unless,  indeed 
— as  is  so  often  the  case — it  has  been  destroyed  by  some  antecedent 
change. 

2.  Naked  A'/yc. —Apart  from  the  microscope,  calcification  can  be 
recognised  more  readily  by  touch  than  by  sight.  If  the  calcareous 
particles  cohere  in  minute  groups,  as  is  common  when  the  process 
succeeds  that  of  caseation,  a  white  mortar-like  substance  is  produced. 
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Wlien  the  coliesion  is  more  niarked,  the  deposit  is  comparable  to  fine 
sand  ;  and  all  stages  between  this  and  solid  stony  masses  may  not 
infrequently  be  met  with.  The  latter  break  witli  an  irregular  surface 
and  present  a  yellowish  or  greyish  aspect.  A  calcified  part  is  dead  and 
inert  :  it  undergoes  no  further  change. 

EFFECTS. — Calcification  must  be  looked  upon  in  many  cases  as 
a  salutary  jjrocess,  the  impregnation  with  calcareous  matter  preventing 
subsequent  changes  in  the  part.  This  is  especially  the  ca.se  when  it 
occurs  in  caseous  tubercular  foci,  as  it  imprisons  the  cause  of  the  disease. 
It  is  doubtful  whether  calcification  of  a  tumour  is  of  any  benefit  to  the 
patient,  for  the  infiltration  is  probably  limited  to  the  dead  or  dying 
parts,  and  does  not  hinder  the  spread  of  the  actively  growing  jiortions. 
On  the  other  hand,  when  it  affects  the  arterial  .system,  calcification 
may  be  attended  with  the  most  deleterious  consequences,  as  will  be 
seen  in  the  following  section. 

Concretions  of  various  kinds  may  be  found  in  the  gall-bladder, 
bile-ducts,  pelves  of  the  kidneys,  ureters,  urinary  bladder,  and  other 
])arts.  They  will  be  referred  to  when  diseases  of  the  affected  organs 
are  discussed. 

Calcification  of  Arteries. 

Calcified  plates  are  fi-equently  met  with  in  the  intima  of  the  aorta 
and  other  large  arteries  as  part  of  the  change  known  as  atheroma. 

Sometimes  a  more  or  less  general  calcification  occurs,  especially  as 
a  senile  change,  and  is  then  frequently  associated  with  other  degenera- 
tive changes  in  the  arterial  walls.  It  is  commonest  in  vessels  of  medium 
size,  the  arteries  of  the  upper  and  lower  extremities  and  of  the  brain 
being  frequently  affected.  It  may  affect  both  internal  and  middle 
coats,  often  commencing  in  the  muscle-cells  of  the  latter.  The 
calcareous  particles,  deposited  from  the  vasa  vasoruni,  make  their 
appearance  at  first  around  and  within  the  nucleus,  and  gradually 
accumulate  until  they  fill  the  cell,  which  becomes  converted  into  a  small 
calcareous  flake.  The  process  may  go  on  until  the  muscular  coat  is 
completely  calcified ;  or  it  may  be  limited  to  isolated  portions  of  the 
coat,  giving  rise  to  numerous  irregularly  distributed  calcareous  rings 
and  plates,  somewhat  suggestive  of  a  piece  of  ipecacuanha  root.  These 
are  best  seen  in  vessels  clarified  and  dried.  From  the  muscular  it  may 
extend  to  the  external  and  internal  coats,  until  ultimately  the  vessel 
becomes  calcified  throughout. 

The  vessel  thus  calcified  loses  its  elasticity  and  contractility ;  its 
lumen  is  diminished,  and  it  is  transformed  into  a  hard,  rigid,  brittle 
tube,  or  "  pipe-stem  artery  "  (Fig.  36").  Such  an  artery  is  partially  pro- 
tected against  dilatation,  but  is  predisjjosed  to  rupture:  in  am|)utat;ons 
great  difficulty  may  be  found  in  securing  such  vessels,  as  ligatures  cut 
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through  them  at  once.  The  nutrition  of  parts  supplied  by  them  is 
more  or  less  impaired,  and  general  calcification  of  the  arteries  of  the 
lower  limb  therefore  predisj)oses  to  senile  gangrene  (p.  18)^  inasmuch 


Fig.  36. — Femoral  Artery  shoiuing  extensive  Senile  Calcification,  the 
whole  vessel  consisting  of  a  mass  of  calcareous  plates.    Natural  size. 

as  it  renders  the  vessels  less  able  to  adapt  themselves  to  the  varying^ 
requirements  of  the  circulation. 


PIGMENTARY  CHANGES. 

Pathological  pigmentation  is  a  term  used  to  imply  the  abnormal 
appearance  of  some  kind  of  pigment  in  the  tissues,  and  includes  many 
conditions  differing  widely  in  their  nature  and  origin. 

The  pigment  may  be  derived:— (1)  directly  from  hcKmoglohm ; 
(2)  from  the  blood  by  cell-action;  (3)  from  bile ;  (4)  from  extraneous 
.y«6s/aHceA'  introduced  into  the  body. 

1.  Hsematogenous  Pigments,  derived  directly  from  haemoglobin, 
are  the  commonest.  Red  corpuscles  break  up,  and  their  colouring  matter 
is  set  free.  This  occurs  occasionally  within  the  vessels,  as  in  malaria 
and  septicaemia,  but  more  frequently  after  escape  of  the  corpuscles 
into  the  tissues.  The  latter  is  due  either  to  wounds  or  rupture  of  the 
vessels,  or  to  congestion  or  inflammation  without  any  visible  breach  in 
the  vessel-wall.  Such  instances  of  pigmentation  are  common  ;  among^ 
them  may  be  mentioned  bruises  of  the  skin,  small  haemorrhages  in  the 
neighbourhood  of  varicose  veins  and  passively  congested  pavts,  and 
stains  after  syphilitic  and  other  inflammatory  lesions. 

The  two  principal  pigments  which  form  the  final  products  of  the 
breaking  up  of  red  cor[)uscles  in  the  tissues  are  Iiaimosiderin  and 
luemaioidin. 

Hsemosiderin — ^an  iron-containing  pigment — probably  foi-med  by 
the  action  of  living  cells,  gives  the  ordinary  reactions  of  iron  and  is 
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found  in  the  liver,  spleen,  and  other  organs  whenever  excessive 
destruction  of  blood-corpuscles  {/in'iiioh/six)  is  present.  It  is  also  found 
mixed  with  lucniatoidin,  which  it  closely  resend)les  in  apjjearance. 

Hsematoidin — an  iron-free  pigment — is  probably  identical  with 
bilirubin,  which  is  also  a  derivative  of  ha-moglobin.  It  exiiibits 
similar  reactions  when  treated  with  concentrated  mineral  acids,  dis- 
playing the  same  variations  of  green,  blue,  rose,  and  yellow  colours. 
It  is  insoluble  in  water,  alcohol,  ether,  acetic  acid,  and  in  dilute  mineral 
acids  and  alkalies;  it  is  soluble  in  concentrated  acids,  and  in  the 
caustic  alkalies,  giving,  in  the  latter  case,  a  red  colour. 

These  final  stages  of  extravasated  blood  occur  in  two  forms — 
granular  and  cnj.slalliiic.  Both  are  of  a  very  permanent  nature,  and 
may  remain  unaltered  for  years. 

The  granules  of  ha;matoidin  vary  in  size  from  the  smallest  particles 
to  masses  as  large  as  a  red  blood-corpuscle.  The  larger  are  commonly 
irregular  in  shape,  sharply  defined,  and  more  or  less  glistening.  Their 
colour  varies  from  yellowish  red  to  brown  or  black  ;  the  older  they  are, 
the  darker  they  become.  The  smaller  granules  are  usually  dull  and 
opaque. 

The  crjjuLals  of  liaematoidin  are  opaque  rhombic  prisms,  usually  of  a 
yellowish  red  or  ruby-red  colour,  sometimes  apjiroaching  to  brown  or 
black.  They  may  also  occur  as  little  plates  and  fine  needles,  but  these 
are  less  common  forms  (Fig.  37).  They  are  in  most  cases  so  small  that 
considei'able  care  is  required  to  recognise  their  crystalline  nature  under 
the  microscope,  and  they  miy  easily  be  overlooked  as  merely  irregular 
granular  masses.  In  some  cases,  however,  they 
/j  f\   attain  a  larger  size. 

— ^         Whether  haemoglobin  is  converted  into  granular 
or  crystalline  haematoidin  appears  to  depend  partly 
upon  the  tissue  in  which  it  is  situated,  and  partly 
upon  the  amount  of  extravasation.    Crystals  are 
Fig.  ■^p.—HcBmatoidin  exceedingly  common  in  some  situations,  e.g.,  the 
Crystals.  XtrMW  and  ovaries  ;  whereas  in  others,  e.g.,  mucous 

membranes,  only  granules  are  met  with. 

According  to  Kunkel,  some  of  the  pigment  left  by  haemoglobin  is 
pure  hydrated  peroxide  of  iron. 

The  clumges  in  colour  which  occur  after  a  limine — first  purple, 
then  green,  and  finally  yellow— are  due  to  corresjjonding  changes  in 
the  extravasated  blood.  (1)  Some  of  the  fluid  and  cells  are  absorbed 
at  once  by  the  lymphatics,  while  the  ha;moglobin  is  dissolved  out  of 
many  of  the  red  corpuscles,  and  the  stromata  disapjiear— no  doubt  after 
fatty  degeneration.  Thus  there  is  formed  a  red  fluid  which  infiltrates 
the  tissues,  and  stains  them  yellow  or  brownish  red— the  cells  being 
coloured  more  deeply  than  the  intercellular  substance,  or  than  the 
membranous  or  fibrous  structures.    The  colour-changes  on  the  surface 
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are  due  to  alterations  in  this  dissolved  liaemoglobinj  which  is  soon 
decomjjosed  into  haematin  or  htemochromogen,  and  an  albuminous 
body.  Part  of  the  colouring  matter  is  reabsorbed  and  appears  in  the 
urme  as  urobilin ;  the  rest  undergoes  a  change  and  is  finally  deposited 
as  hajmosiderin  or  haematoidin.  (2)  Many  corpuscles  simply  shrivel 
into  brownish  granular  masses  of  pigment — said  to  occur  chieHy  in 
"  haematomata,"  or  tumour-like  collections  of  blood.  (3)  Other  red 
corpuscles,  or  the  pigment-masses  resulting  from  them,  are  taken  up 
by  leucocytes,  which  are  attracted  in  large  numbers  into  the  extra- 
vasation. The  pigment  thus  taken  up  may  be  deposited  in  the 
neighbourhood,  or  may  be  carried  by  the  surviving  leucocytes  into  the 
lymphatics,  when  it  will  jirobably  be  arrested  in  the  nearest  lymphatic 
glands,  the  Ijmiph-paths  being  thus  marked  out  by  pigment ;  or  it  may 
pass  through  into  the  circulation  and  give  rise  to  pigment-emboli  of 
various  organs. 

The  ultimate  fate  of  extravasations  is  by  no  means  uniform. 

(1)  Absorption  may  be,  and  in  vascular  parts  often  is,  to  the  naked 
eye,  complete  ;  but  even  then  crystals  or  granules  of  pigment  may  not 
infrequently  be  found  by  the  aid  of  the  microscope.  (2)  A  scar — 
yellowish,  brownish,  or  blackish,  from  granular  or  crystalline  pigment 
— may  mark  the  site  of  the  destruction  of  tissue  by  haemorrhage. 
(3)  A  collection  of  chocolate-coloured  fluid  may  long  remain  surrounded 
by  a  capsule  of  inflammatory  tissue,  often  lined  by  layers  of  clot,  more 
or  less  decolourised  and  organised  (Jueinatoma) :  the  fluid  contains 
pigment  and  fat-granules  along  with  cholesterin  crystals.  (4)  A  cavity, 
with  more  or  less  pigmented  walls,  containing  clear  fluid  may  be  left — 
especially  in  the  brain.  (5)  The  fluid  may  be  absorbed,  and  the  clot 
become  completely  decolourised  and  organised — a  good  example  of 
which  is  seen  in  the  so-called  "membranous  pachymeningitis."  The 
process  can  frequently  be  watched  in  aseptic  wounds. 

Haematogenous  pigmentation  is  a  very  common  occurrence,  though 
one  of  little  importance.  The  presence  of  pigment  in  or  between  the 
cells  of  a  tissue  can  have  little  effect  on  the  elements  or  their  functions  : 
any  disturbance  of  these  must  be  attributed  rather  to  the  conditions 
upon  which  the  formation  of  the  pigment  depends. 

The  presence  of  this  form  of  pigmentation  may  be  the  only  evidence 
of  antecedent  disease,  such  as  cerebral  haemorrhage,  in  which  yellow 
staining  may  be  left;  or  chronic  catai-rh  of  mucous  membranes,  in 
which  a  slate-coloured  pigmentation  marks  the  site  of  the  in- 
flammation. 

2.  Pigment  derived  from  the  Blood  by  Cell-action. — The 

chief  examples  of  this  change  are  melanotic  warts,  ntuvi,  sarcomata, 
carcinomata,  and  Addison's  disease.  The  pigment  lies  in  the  cells 
more  often  than  between  them,  is  granular,  and  varies  from  yellow  to 
black  in  colour :  it  contains  sulphur  but  not  iron.    It  differs  spectre- 
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scopically  IVoin  all  known  blood-pigments,  and  is  one  of  the  nielanins. 
Pigmented  growths  generally  arise  from  pigmented  tissues  (Fig.  liH). 
(See  Melanotic  Sarcoma,  p.  lO.S.) 

The  canse  of  the  pigmentation  of  the  skin  in  Addison's  disease  is 
not  satisfactorily  exjjlained.  Irritation  of  the 
abdominal  sympathetic  is  believed  to  cause 
increased  i)igmentation,  and  the  pigmenbition 
in  Addison's  disease  is  merely  an  exaggeration  of 
the  normal.  Variations  in  the  normal  j)igmenta- 
tion  of  the  skin  occur  during  pregnancy  and  with 
various  uterine  troubles,  as  well  as  in  mela- 
FiG.  2S.-Cells  containing  noderma  ;  but  no  certain  explanation  of  these, 
Pigment.    From  a  me-  j,  , c  .     r  ,. 

lanotic  sarcoma  of  the  °^  blanching  of  the  hair  from  neuralgia  or 
liver.    X  350.  fright,  can  be  offered. 

3.  Pigmentation  from  Bile. — This  form  of 
pigmentation  is  known  as  jaundice  (iclcrus)  and  i.=  due  to  obstniction 
of  the  bile-passages.  The  obstruction  may  occur  in  the  small  ducts,  in 
the  hepatic  duct,  or  in  the  common  bile-duct.  It  is  most  frequenth- 
due  to  swelling  of  the  walls  from  catarrhal  inflammation,  to  blocking  of 
the  lumen  by  gall-stones,  or  to  the  pressure  of  a  new  growth  outside 
the  duct.  The  continued  secretion  of  the  bile  behind  the  obstruction 
causes  a  rise  in  the  pressure  within  the  smaller  ducts,  with  consequent 
absorption  of  bile  by  the  veins  and  lymphatics  and  its  subsequent 
distribution  throughout  the  body.  It  is  first  perceptible  in  the  urine, 
soon  after  in  the  conjunctivae  and  skin,  and  may  ultimately  stain  all 
the  tissues  yellow  or  greenish -yellow.  The  staining  of  the  skin  persists 
some  time  after  the  bile  has  ceased  to  circulate  in  the  blood.  When 
the  seat  of  obstruction  is  in  the  small  bile-ducts,  as  in  cirrhosis,  the 
.staining  may  be  limited  to  small  areas  of  the  liver. 

The  pigmentation  is  due  to  diffuse  staining ;  but  granules  and  even 
crystals  of  bilirubin  are  occasionally  found,  especiallj'  in  ic/eriis 
neonatomm. 

With  regard  to  the  slight  jaundice  that  occurs  in  septicaemia,  the 
malignant  forms  of  acute  infective  fevers,  and  some  other  diseases 
(Joxic  jaundice),  no  marked  obstruction  can  be  demonstrated  in  the 
ducts,  and  the  exact  cause  is  doubtful.  It  is  probable  that  increased 
consistence  of  the  bile,  and  diminished  pressure  in  the  blood-vessels, 
combined  with  catarrh  of  the  smaller  bile-ducts,  causes  the  tension 
in  the  ducts  to  exceed  that  in  the  blood-vessels,  or  at  any  rate,  in  the 
lymphatics,  and  thus  induces  a  slight  absorption  of  bile  into  tlie  vessels, 
and  a  consequent  mild  degree  of  obstructive  jaundice. 

4.  Pigmentation  by  Extraneous  Substances.— Examples  of 
this  form  of  pigmentation  occur  in  the  lungs,  the  skin,  the  lymphatic 
glands,  and  the  mucous  membranes.  The  substances  accredited  with 
its  production  are  carbon,  silver,  lead,  arsenic,  and  such  pigments  as  may 
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be  used  artificially ;  to  these  may  be  added,  in  rai*e  instances,  mercury 
and  picric  acid. 

The  inhalation  of  fine  particles  of  carbon  and  other  substances 
produces  pigmentation  of  the  lungs  and  bronchial  glands.  This  is 
of  considerable  importance  and  will  be  described  in  detail  later  on. 
(See  Pneumoconiosis.) 

The  prolonged  administration  of  salts  of  silver  leads  to  the  develop- 
ment in  the  skin  and  adjacent  mucous  membranes  of  a  peculiar 
brownish-grey  colour.  That  portion  of  the  metal  which  finds  its  way 
to  these  parts  is,  owing  most  probably  to  the  action  of  light,  deposited 
as  minute  particles  of  reduced  silver.  This  condition  is  known  as 
argj/riasis  :  it  is  permanent. 

The  existence  of  lead  in  the  tissues  is  often  demonsti-ated  by  the 
presence  of  a  thin,  black,  Avell-defined  line  in  the  gums  where  they  are 
in  contact  with  the  teeth.  It  is  due  to  the  action  of  the  sulphuretted 
hydrogen,  given  off  by  the  decomposing  matter  which  collects  between 
the  mucous  membrane  and  the  teeth,  upon  the  lead  in  the  adjacent 
tissue.  The  "lead-line"  is,  therefore,  usually  broken,  and  often 
absent  in  those  whose  teeth  are  kept  thoroughly  clean,  even  though 
other  symptoms  of  lead-poisoning  may  be  present.  Pigmentation  of 
the  mucous  membrane  of  the  lai'ge  intestine  has  been  found  associated 
with  the  presence  of  considerable  quantities  of  lead  and  of  mercury 
resjiectively  in  that  part  of  the  alimentary  tract. 

In  tattooing,  artificial  jjigments  are  placed  in  the  deeper  layers  of 
the  skin.  Most  of  the  pigment  remains  in  its  original  position.  Of 
the  remainder,  some  is  removed  by  the  phagocytic  leucocytes,  and 
some  is  washed  on  into  the  lymphatics  and  filtered  out  by  the  glands, 
where  it  is  retained. 

Dead  tissues  in  process  of  separation  are  frequently  discoloured — 
black,  greenish-black,  or  slate-grey — by  the  action  of  sulphuretted 
hydrogen  upon  the  decomposed  haemoglobin  (p.  20) ;  and  atrophied 
organs,  in  which  the  pigment  is,  as  it  were,  concentrated,  often  appear 
darker  than  normal.  Neither  of  these,  however,  is  an  instance  of  true 
pigmentation. 


CHAPTER  IV. 
TUMOURS. 

The  term  "tumour"  is  primarily  a  clinical  one,  and  signifies  a  local 
swelling.  Thus  an  enlarged  palpable  kidney  is  usually  spoken  of  as  a 
renal  tumour,  altogether  apart  from  any  belief  regarding  tlie  actual 
nature  of  tlie  enlargement.    In  pathology,  however,  the  term  tuviour 


68 


TUMOURS 


denotes  certaiii  local  growths  of  new  tissue,  the  nature  of  whicli  is  but 
imperfectly  known.  No  satisfactory  definition  is,  tlierefore,  jwssible. 
Nevertheless,  tumours  possess  ccrtiiin  common  characters  which  serve 
to  distinguish  them  from  allied  conditions.  Tlie  chief  of  tliese  dis- 
tinguishing features  are,  (I)  an  unusual  independence  of  growth; 
(2)  a  varied  degree  of  similarity  of  structure  to  that  of  the  part  from 
which  the  gi-owth  springs  ;  (3)  an  extreme  tendency  of  the  component 
tissue-elements  to  undei-go  degeneration  ;  and  (4)  a  complete  absence 
of  all  function,  or,  in  other  words,  the  absolute  uselessness  of  the  mass 
of  new  tissue.    These  characters  must  be  considered  in  detail. 

1.  Independence  of  Growth. — There  are  no  known  laws  regu- 
lating the  growth  of  a  tumour.  7'he  growth  is  at  Jirst  quite  local,  and  is 
limited  to  the  continuous  extension  of  the  primary  focus  in  its 
immediate  neighbourhood.  Subsequently,  by  means  that  will  presently 
be  described,  some  forms  of  new-gi-owth  possess  the  power  of  repro- 
ducing themselves  in  other  parts  (p.  71).  Two  other  striking 
differences  between  the  growth  of  ordinary  tissues  and  that  of  tumours 
must  be  mentioned.  Firstly,  the  nutrition  of  a  tumour  is  disprojiortionate 
to  the  nutrition  of  the  tissues  in  its  immediate  7ieighbourhood,  and  of  en  to 
that  of  the  body  taken  as  a  whole.  Thus,  in  the  case  of  a  fatty  tumour 
in  the  subcutaneous  tissue,  the  body  may  become  thin  and  the  sub- 
cutaneous fat  disappear,  while  the  fatty  tumour  wastes  but  little  if  at 
all.  Moreover,  malignant  growths  often  enlarge  rapidly,  while  all  the 
other  tissues  are  as  quickly  emaciating.  Secondly,  the  nutrition  of  a 
tumour  is  often  disproportiotiate  to  the  age  of  the  individual  in  whom  it 
occurs.  This  is  seen  in  the  growth  of  cancers  which  arise  and  grow- 
rapidly  in  old  people,  while  the  rest  of  the  tissues  are  gradually  under- 
going atrophy. 

2.  Peculiarities  of  Structure. — In  structure,  tumours  more  or 
less  resemble  normal  tissues  in  some  stage  of  their  growth — every 
morbid  new-growth  having  its  prototype  among  the  normal  tissues. 
The  resemblance,  however,  is  at  best  incomplete,  the  tissue-elements 
often  differing  in  form,  arrangement,  or  some  other  detail ;  and  tumours 
are  thus  always  more  or  less  atypical  in  their  structure.  As  a  rule, 
the  difference  between  the  normal  and  the  abnormal  tissue  is  so  great 
that  by  means  of  the  naked  eye  alone,  one  can  tell  roughly  where  the 
one  begins  and  the  other  ends. 

Tumours  frequently  originate  in,  and  closely  resemble,  the  con- 
nective tissues  in  their  fully  developed  or  embryonic  state.  Surface 
epithelium  and  gland-cells  are  also  common  sources  of  tumours,  but 
are  less  closely  copied  by  most  of  the  new-growths  arising  from 
them.  Voluntary  muscles  and  nerve-cells  may  be  invaded  by  new- 
growths,  but  do  not  often  serve  as  starting-points.  Tumours  .-ire 
generally  supplied  with  blood-vessels  and  lymphatics,  but  not  with 
nerves. 
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The  terms  homologous  and  heterologous  are  sometimes  applied  to 
tumours.  When  the  tumour  resembles  the  tissue  from  which  it 
originates  it  is  said  to  be  liomologous  ;  when  it  differs  from  this  it  is 
said  to  be  heterologous.  A  cartilaginous  tumour  arising  from  cartilage 
is,  therefore,  homologous,  but  occurring  in  any  other  than  connective- 
tissue,  as,  for  example,  in  the  parotid  gland,  is  heterologous.  The 
distinction  is  unimportant,  for,  in  the  example  just  given,  the  cartilage 
does  not  actually  arise  from  the  gland-cells  of  the  parotid,  but,  m  all 
probability,  from  the  connective-tissue  or  from  a  misplaced  remnant  of 
Meckel's  cartilage.  Heterologous  tumours  are  generally  secondary  to 
some  primary  growth  occurring  in  a  distant  part. 

The  relation  of  the  tumour  to  the  surrounding  parts  varies. 
Sometimes    the   tumour    is    circumsciibed,  merely   displacing  them 


Fig.  39. — Muscle  near  Shoulder,  from,  a  Case  of  Sarcoma  of  the  Head 
of  the  Humerus,  showing  passage  of  small  round  cells  (probably 
sarcomatous)  along  the  "lines  of  least  resistance,"  as  in  diffuse 
inflammation.  Where  the  cells  are  thickest  the  muscle-fibres  are 
obscured  or  have  disappeared.  (Boyd.) 

and  stretching  and  imtating  their  connective-tissue,  so  that  the 
latter  comes  to  form  a  fibrous  capsule  around  the  tumour,  which 
thus  generally  forms  a  spheroidal  or  lobulated  mass.  Lipomata, 
fibromata,  and  chondromata,  are  usually  thus  encapsuled.  In  other 
cases  the  growth  invades  the  adjacent  structures.  There  is  then  no 
real  line  of  demarcation  between  the  tumour  and  the  surrounding 
parts;  and,  although  to  the  naked  eye  there  may  seem  to  be  one,  the 
microscope  will  show  that  the  apparently  healthy  tissues  are  more 
or  less  infiltrated  with  cells  from  the  parent  growth  (Fig.  SQ).  In 
such  a  case,  while  the  main  body  of  the  tumour  may  assume  a  roughly 
spheroidal  shape,  outlying  discontinuous  nodules  may  als(j  be  visible 
to  the  naked  eye. 
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3.  Retrogressive  Changes. — A  tumour  very  rarely  disappears, 
thus  differing  from  an  inflammatory  growth — e.g.,  a  gumma.  It  may 
either  remain  stationary,  or  grow — slowly  or  rapidly.  Sooner  or  later 
it  usually  becomes  the  seat  of  necrosis  or  degeneration.  The  time  at 
which  these  commence  varies.  As  a  rule,  the  permanence  and  dura- 
bility of  a  tumour  bear  an  inverse  relation  to  the  rapidity  of  its  growth 
and  to  tlie  inferiority  of  its  oi-ganisation.  The  more  rapid  the  growth, 
and  the  less  specialised  the  new  tissue,  the  less  is  its  durability 
and  the  sooner  do  retrogressive  changes  occur.    Many  carcinomata 


Fig.  40. — Bncephaloid  Cancer  undergoing  necrosis  and  fatty  degenera- 
tion. The  nuclei  of  some  of  the  cells,  especially  those  nearest  the 
thin  fibrous  alveoli,  are  stained,  although  their  protoplasm  has 
broken  up  and  is  not  distinctly  marked  off  from  the  alveolar  walls. 
The  outhnes  of  a  few  of  the  rest  are  still  visible,  though  their  contents 
are  granular  and  their  nuclei  unstained.  The  greater  cumber  have 
been  converted  into  a  mass  of  granulai  fatty  debris,    x  250. 

and  sarcomata  develop  rapidly,  and  degenerate  tjuickly  (Fig.  40).  They 
consist  for  the  most  part  of  cells  :  their  elements  are  unstable  and  soon 
perish.  Osseous  tumours,  on  the  other  hand,  develop  slowly ;  they 
consist  of  a  more  highly  organised  tissue,  and  have  much  greater 
stabihty. 

The  retrogressive  changes  are  similar  to  those  met  with  in  the 
normal  tissues.  Thus,  fatly,  jngincntarif,  calcareous,  colloid  and  mucoid 
degenerations  may  occur.  Tumours  may  also  become  the  seats  of 
injlammation ,  ulceration,  necrosis  and  ha'inorr/iage. 
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4.  Absence  of  unction. — No  tumour  serves  any  useful  purpose. 
Some  adenomata  are  said  to  have  ducts  and  some  secretory  power,  but 
these  statements  need  further  confirmation. 

RECURRENCE  AND  GENERALISATION  A  lumour 

mail  recur  locallij  qfler  removal  j  and,  indcpendentlij  of  removal,  growths 
similar  to  the  ■primarij  tumour  may  form  (1)  in  the  neighbourhood  of  the 
parent  growth,  (2)  in  the  nearest  lymphatic  glands,  or  (3)  in  more  distant 
tissues  or  organs.  Sometimes  all  these  occur.  Each  must  be  considered 
separately. 

1.  Reproduction  in  Adjacent  Structures. — The  recurrence  of 
a  tumour  in  loco  after  operative  removal  is  due  to  some  of  its  cells 
having  been  left  behind,  and  is  therefore  much  more  likely  to  occur 
in  those  growths  which  Infiltrate  the  surrounding  tissues,  and  really 
extend  beyond  their  apparent  limits^  than  in  those  which  are  en- 
capsuled.  The  cells  left  behind  continue  to  grow  and  thus  the 
tumour  recurs.  Apart  from  removal,  cells  may  be  carried  to  some  little 
distance  from  the  jJi'imary  growth  by  lymph-  or  blood-currents,  and, 
on  becoming  impacted,  may  form  the  nucleus  of  secondary  nodules 
springing  up  around  the  original  tumour.  In  some  tumours  local 
recurrence  may  take  place  many  times,  and  lead  to  the  death  of  the 
patient  without  any  infection  of  glands  or  distant  tissues. 

2.  Reproduction  in  the  nearest  Lymphatic  Glands. — 
This  is  owing  to  the  entry  into,  and  transmission  by,  the  lymph- 
stream  of  cells  from  the  primary  growth.  The  cells  become  arrested 
in  the  nearest  lymphatic  glands,  and  there  develop  into  secondary 
tumours  of  the  same  nature.  When  the  lymphatic  glands  have 
themselves  become  the  seat  of  secondary  growths,  they  in  their  turn 
constitute  new  centres  of  infection,  and  may  thus  infect  the  more 
distant  glands  or  the  immediately  adjacent  tissues.  When  the  lymph- 
sinuses  of  a  gland  are  so  blocked  by  new-growth  that  lymph  cannot 
pass,  a  regurgitant  flow  is  the  natural  result,  and  the  lymph,  bearing 
tumour-cells,  has  to  find  a  new  course  and  pass  through  other 
vessels  and  glands.  In  this  way  we  can  account  for  infection  of  the 
abdominal  glands  by  a  tumour  of  the  lung,  and  for  the  numerous 
nodules  in  the  skin  which  sometimes  occur  all  round  an  atrophied 
scirrhus  of  the  mamma.  A  distant  lymphatic  gland  may  be  infected 
by  embolism  of  its  artery.  The  tendency  of  new-growths  to  reproduce 
themselves  in  the  lymphatic  glands  varies  very  much.  It  is  very 
marked  in  carcinomata,  while  in  sarcomata  it  is  comparatively  slight. 
The  reasons  for  these  differences  will  be  seen  in  subsequent  chapters. 

3.  Reproduction  in  Distant  Tissues.— This  is  usually  the 
final  stage  in  the  history  of  most  malignant  growths,  and  is  known 
as  their  "  generalisation."  The  reproduction  of  the  primary  growth 
in  distant  tissues  is,  in  the  great  majority  of  cases,  owing  to  the 
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entry  of  some  of  its  elements  into  tlie  blood-stream.  The  secondary 
tumours  are,  therefore,  the  result  of  embolism  of  tumour-cells ;  and 
are  of  the  same  nature  as  the  primary  one,  although  they  may  be 
larger  and  are  often  softer,  more  vascular,  and  more  active  in  growth. 
They  may  themselves  become  secondary  centres  of  infection,  and  in 
the  same  way  cause  tertiary  growths  in  parts  beyond. 

Although  the  general  dissemination  of  a  malignant  growth  is  thus 
in  most  cases  due  to  the  transmission  of  its  elements  by  the  blood- 
stream, this  is  not  the  only  way  in  which  it  may  be  brought  about. 
Exceptional  cases  have  been  described  in  which  the  elements  of  a 
tumour  have  been  distributed  and  have  caused  secondary  growths  in 
other  waj's,  as  by  jiassing  down  the  trachea,  between  the  layers  of  the 
peritoneum,  or  from  the  kidneys  down  the  ureters  to  the  bladder. 

Lastly,  it  must  be  borne  in  mind  that  growths  may  be  secondarj'  to 
each  other  only  m  time  ;  that  is,  they  may  originate,  independently  of 
each  other,  from  different  primary  foci. 

We  have  spoken  of  generalisation  and  lymphatic  infection  as  being 
due  to  the  transference  of  timiour- cells  from  the  primary  growth.  That 
the  primary  growth  is  the  real  source  of  the  secondary  growths  is  shown 
by  their  similarity  in  structure ;  by  their  time-relationship ;  by  their 
demonstrable  connection  by  means  of  blood-  or  lymph-channels  ;  by  the 
occasional  discovery  of  tumour-cells  impacted  in  the  blood-vessels  as 
emboli;  by  the  invariable  absence  of  secondary  growths  from  non- 
vascular tissues  such  as  cartilage  and  cornea ;  and  by  the  occurrence 
of  secondary  growths  in  tissues  in  which  primary  tumours  of  the 
structure  in  question  are  never  found. 

EFFECTS. — A  tumour,  by  its  growth,  position,  generalisation  and 
secondaiy  changes,  may,  in  many  ways,  produce  marked  effects  on 
local  and  general  nutrition.  (1)  The  local  growth  may  lead,  mechani- 
cally, to  the  desti'uction  of  parts  essential  to  life,  as  in  the  case  of  an 
otherwise  innocent  tumour  in  the  pons  or  medulla ;  or  it  may  similarly 
impair  the  action  of  important  organs  such  as  the  lungs  or  stomach,  and 
thus  lessen  the  exchange  of  gases  in  the  former  or  interfere  with  the 
digestive  changes  in,  or  passage  of  food  through,  the  latter.  (2)  The 
rapidity  and  extent  of  the  growth  may  lead  to  the  abstraction  of  the 
nutriment  needed  for  the  maintenance  of  the  normal  tissues. 
(3)  Haemorrhage  may  occur  into,  or  fi'om,  a  tumour  and  give  rise  to 
anaemia,  as  in  the  marked  haematuria  which  characterises  growths  in 
the  kidney.  (4)  Inflammation,  ulceration  and  septic  absorption  may 
occur,  as  in  epithelioma  of  the  tongue.  (5)  Pain  and  anxiety  may 
cause  anorexia  and  sleeplessness.  (6)  Some  abnormal  and  deleterious 
substances  may  be  discharged  into  the  blood-stream  by  the  tumour- 
cells,  although  this  is  at  present  a  purely  hypothetical  supposition. 
(7)  Many  of  these  effects  may  be  increased  by  similar  action  on  the 
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part  of  secondary  growths.  In  these  ways  tumours  may  lead  to  wasting, 
loss  of  strength  and  anaemia,  in  other  words  to  the  condition  known  as 
the  cachexia  of'  malignant  disease. 

CLINICAL  COURSi: — Tumours  are  divided  clinically  into 
two  great  types,  the  sirnple  and  malignant. 

A  simple  or  innocent  tumour  is  one  which  grows  slowly  and 
steadily,  or,  having  attained  a  certain  size,  remains  stationary.  It 
consists  of  tissue  closely  resemoling  some  normal  adult  tissue,  and  is 
generally  surrounded  by  a  distinct  capsule  out  of  which  it  can  be 
completely  shelled — for  there  is  no  infiltration  of  surrounding  parts. 
Consequently,  it  seldom  recurs  locally  after  removal,  and  secondary 
growths  in  glands  or  elsewhere  do  not  result  from  it.  Its  interference 
Avith  health  is  only  mechanical,  unless  some  accident — as  inflammation 
— occur  in  it.  Tumours  of  the  fully  developed  connective-tissue  type 
generally  pursue  this  course,  and  may  grow  to  a  huge  size. 

A  malignant  tumour,  on  the  other  hand,  grows  rapidly  and 
tends  to  enlarge  continuously.  It  consists  of  tissue  which  is  markedly 
atypical,  and  is,  as  a  rule,  unencapsuled,  progressively  infiltrating  the 
surrounding  tissues,  and  presenting  no  clear  line  of  demarcation  as  a 
guide  to  removal.  Complete  removal  is,  therefore,  very  difficult,  and 
subsequent  recurrence,  locally  and  in  distant  parts,  probable.  Though 
the  patient  is  often  in  excellent  health  when  the  tumour  first  appears, 
its  effects  soon  give  rise  to  the  cachexia  just  described.  The  more 
rapidly  and  the  more  completely  a  tumour  produces  these  results, 
the  greater  is  said  to  be  its  malignanci/.  Growths  vary  much  in  these 
respects,  and  a  sharp  dividing  line  between  irmocent  and  malignant 
growths  cannot  always  be  drawn.  Some  unencapsuled  growths  are 
innocent  (gliomata)  ;  some  having  the  structure  of  malignant  growths 
enlarge  continuously,  but  do  not  invade  glands  or  distant  pai-ts  (rodent 
ulcer) ;  while  others  recur  in  neighbouring  glands,  but  not  in  distant 
parts  (epithelioma  of  tongue).  Some  growths,  at  first  innocent, 
occasionally  become  malignant  (papilloma,  adenoma).  Sarcomata  and 
carcinomata  furnish  the  best  examples  of  malignant  tumours. 

.ffiTIOLOGY. — Of  the  aetiology  of  tumours,  as  a  class,  nothing 
certain  is  at  present  known.  A  few  scattered  facts  have,  however, 
been  ascertained,  throwing  light  on  the  causation  of  certain  divisions 
of  the  group.  Recent  research  has  been  devoted  almost  entirely  to  the 
study  of  the  malignant  tumours,  especially  carcinomata,  Avhile  simple 
growths  have  been  comparatively  neglected.  Little  attempt  has  been 
made  to  treat  the  question  from  a  general  point  of  view. 

It  is,  indeed,  possible  that  it  may  be  necessary  in  the  light  of 
additional  knowledge,  to  sub-divide  the  grouji,  and  to  separate 
different  varieties  of  tumour  one  from  another,  just  as  certain  processes 
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formerly  looked  upon  as  new-growths  have  recently  been  lenioved 
from  this  class  and  recognised  as  inflammatory.  Of  such,  tubercular 
and  syphilitic  granulomata  afford  instances.  In  the  same  way  future 
analysis  may  carry  the  process  further  and  resolve  the  present 
.ipparently  homogeneous  group  of  tumours  into  a  variety  of  separate 
formations  due  to  entirely  different  causes.  At  present,  however,  there 
is  no  sign  of  any  ])robable  line  of  cleavage.  Tumours  form  a  grouj) 
characterised  by  well-defined  peculiarities  which  differentiate  them 
from  other  pathological  conditions  (p.  68)  ;  and,  while  they  continue 
to  form  a  class  by  themselves,  it  is  necessary  that  any  cause  suggested 
to  account  for  their  production  should  apply  to  the  whole  group  and 
not  merely  to  isolated  fractions  of  it. 

The  objection  may,  indeed,  be  here  raised  that  the  malignant 
growths  do  form  a  class  aj^art,  and  that,  therefore,  for  the  members  of 
this  group,  a  method  of  causation  different  from  that  of  other  neo- 
plasms is  to  be  sought.  Closer  consideration,  however,  shows  that  at 
the  present  time  there  are  no  sufficient  gi'ounds  for  maintaining  such  a 
distinction.  The  qualities  which  constitute  malignancy  differ  in 
degree  rather  than  in  kind  from  the  characteristics  of  benign  growths, 
as  has  just  been  shown. 

It  seems  clearly  established  that  all  tumours  originate  as  local 
lesions,  and  are  not,  as  has  been  suggested,  manifestations  of  some 
general  constitutional  disease.  It  is,  therefore,  reasonable  to  look  for 
a  local  cause  of  their  appearance.  Heredity  appears  to  play  some  part 
in  the  causation  of  certain  growths,  especially  those  of  the  uterus  and 
mamma,  but  it  is  difficult  to  estimate  the  exact  weight  that  should  be 
attached  to  this  factor. 

Various  hypotheses  have  been  propounded  with  respect  to  the 
aetiology  of  tumoui-s.  Some  of  them  appear  to  embody,  at  least, 
portions  of  the  truth :  they  point  to  subordinate  causes  which  are  at 
work  in  individual  instances,  and  which  need  a  central  principle  to 
unite  them  into  a  coherent  whole.  The  more  important  of  these  hyjio- 
theses  must  be  briefly  considered. 

1.  Theory  of  Embryonic  Remains. — Virchow  discovered  in  the 
cancellous  portions  of  some  of  the  long  bones  small  "islands  "  of  un 
altered  cartilage-cells,  which  he  suggested  might  form  the  starting- 
point  of  tumours.  Cohnheim  extended  this  suggestion  and  applied  the 
principle  to  explain  the  origin  of  all  kinds  of  new-growth.  On  his 
hypothesis,  instances  occur  in  which  either  more  cells  are  formed  than 
are  necessary  for  the  development  of  a  part,  or  in  the  process  of  growth 
certain  groups  of  cells  are  isolated  and  cut  off  from  their  fellows. 
These  groups  of  superfluous  cells  may  subsequently  develop  into 
tumours.  The  cells  may  either  continue  to  develop  in  the  ordinary 
way,  so  as  to  form  mature  tissue-cells  of  various  kinds,  or  they  may 
remain  embryonic  in  character.    In  the  former  case,  tumours  of  the 
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benign  variety  will  arise — resembling  adult  tissue  and  growing  re- 
latively slowly ;  in  the  latter  case  malignant  growths  will  occur.  In 
favour  of  this  theory  the  following  facts  may  be  adduced.  (1)  Dermoid 
cysts,  which  are  practically  innocent  tumours,  are  almost  certainly  due 
to  errors  of  development  (p.  134).  (2)  Tumours  are  very  frequently 
found  in  the  neighbourhood  of  points  where  the  developmental  pro- 
cess is  complicated,  and  where,  therefore,  errors  might  natui-ally  be 
expected  to  occur  most  frequently.  Instances  are  seen  in  the  common 
appearance  of  carcinoma  in  the  rectum,  where  the  junction  takes  place 
between  the  origmal  hind-gut  and  the  invaginated  epiblast,  fomiing 
the  proctodcBum  ;  at  the  external  os  uteri,  where  Muller's  ducts  open 
into  the  urogenital  sinus ;  at  points  where  different  vai-ieties  of 
epithelium  meet,  as  at  the  cardiac  and  pyloric  orifices  of  the  stomach ; 
and  in  the  frequency  with  which  congenital  moles  serve  as  the  starting- 
points  of  melanotic  sarcomata  in  later  life.  Many  other  instances  could  be 
quoted.  (3)  In  many  cases  there  are  formed  in  various  organs  tumom-s 
consisting  of  cells  of  an  entirely  different  character  to  those  normally 
found  in  such  positions,  the  presence  of  which  can,  however,  be 
accoimted  for  by  supposing  the  inclusion  of  a  portion  of  some  neigh- 
bouring structure.  Thus,  for  example,  parotid  tumours  frequently 
contain  cartilage,  which  may  be  derived  from  that  forming  the  inferior 
maxilla  (Meckel's  cartilage) ;  and  renal  growths  may  contain  voluntary 
muscle-cells  derived  from  the  embryonic  muscle  plates,  which  lie  near 
the  Wolffian  body  in  the  pi'ocess  of  development. 

On  the  other  hand,  several  objections  may  be  raised  to  Cohnheim's 
theory.  (1)  The  "  rests  "  or  isolated  cell -groups,  ujion  which  it  is  based, 
are  not  actually  found  with  any  frequency  within  the  body.  (2)  Those 
which  do  occur,  such  as  the  cartilage-cells  discovered  by  Virchow,  and 
certain  epithelial  groups  in  the  tonsils,  do  not  show  any  actual  tendency 
to  develop  into  tumoui'S — in  other  words,  no  transition  stages  are  found 
between  these  masses  of  cells  and  actual  tumours.  (3)  Tumours  do 
not  occur  at  points  of  fusion  between  different  embryonic  structures, 
but  rather  in  the  neighbourhood  of  these  points,  which  are  in  many  cases 
specially  liable,  owing  to  their  anatomical  characters,  to  traumatism  and 
mechanical  irritation.  (4)  Cohnheim  himself  admitted  that  certain 
instances  of  tumour-fonnation,  in  which  chemical  irritants  were 
obviously  the  exciting  causes,  could  not  be  explained  on  his  theory. 

The  necessary  conclusion  appears  to  be  that  the  theory  of  "embryonic 
remains,"  while  indicating  a  method  of  causation  which  is  probably  the 
true  one  in  the  case  of  certain  classes  of  tumour,  is  not  adequate  to 
embrace  the  whole  of  the  group,  and  affords  only  an  incomplete  and 
partial  explanation. 

2.  Theory  of  Chronic  Irritation. — Many  examples  are  seen  of 
tumours  arising  at  points  which  are  the  seats  of  chronic  inflammation. 
Thus,  the  edges  of  long-standing  ulcers  are  favourite  positions  for  the 
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development  of  ei)itheliomata,  and  the  points  at  whicli  this  disease 
most  frequently  aflects  the  alimentary  canal  are  those  at  which  the 
lumen  is  narrowed,  and  which  are,  therefore,  specially  liable  to  trau- 
matism from  the  contents  of  the  tube.  Such  localities  are  (1)  the  two 
orifices  of  the  stomach,  (2)  the  point  where  the  oesophagus  is  crossed  by 
the  left  bronchus,  and  (3)  that  where  it  joins  the  pharynx,  opposite  the 
cricoid  cartilage.  The  large  intestine  is  much  more  frequently  the  seat 
of  tumours  thtui  the  small,  possibly  owing  to  the  solid  nature  of  the 
contained  faeces,  their  longer  contact  with  the  intestinal  wall,  and 
their  consequent  liability  to  irritate  the  mucous  membrane  :  the  rectum 
and  anus,  where  this  cause  would  be  most  at  work,  are  specially  frequent 
seats  of  tumour-formation.  Various  chemical  irritants,  such  as  tar 
and  paraffin,  may  give  rise  to  epithelioma  in  the  skin  of  the  arms  of 
workers  engaged  in  .  handling  them  ;  and  the  irritant  discharge  of 
gonorrhoea  leads  to  a  formation  of  warts  in  the  skin  over  which  it 
passes. 

On  the  other  hand,  the  frequency  with  which  instances  of  chronic 
irritation  occur  and  the  relative  rarity  of  the  appearance  of  tumours  in 
connection  with  them,  render  it  certain  that  irritation  alone  cannot  be 
a  sufficient  cause  of  tumour-formation.  The  number  of  ulcers  of  the 
leg,  which  may  be  seen  every  day  at  a  surgical  out-patient  department, 
with  a  history  of  several  years'  duration,  is  alone  sufficient  proof  of  the 
inadequacy  of  this  theory  by  itself  to  account  for  the  phenomena. 

3.  The  Theory  of  Spermatic  Influence. — This  may  be 
mentioned  as  being,  perhaps,  of  historical  interest.  According  to  this 
so-called  explanation,  which  is  chiefly  applicable  to  carcinomata,  a  cell 
of  a  certain  kind,  such  as  an  epithelial  cell,  may  exercise  a  peculiar 
influence  on  neighbouring  cells  of  a  different  character,  by  which  it 
causes  them  to  take  on  its  own  form  and  peculiarities.  It  is  sufficient 
to  note  that  this  hypothesis  is  faulty  as  explaining  igtiotum  per  ignotius, 
since  it  assumes  a  force,  the  nature  and  mode  of  action  of  which  are 
alike  unknown,  and  whicli  has  not  even  a  distinct  analogy  with  any 
recognised  physiological  or  pathological  principle. 

4.  The  Parasitic  Theory. — The  endeavour  to  find  a  parasitic 
organism  as  the  cause  of  malignant  growths  has  been  the  guiding 
principle  in  the  greater  part  of  recent  research.  When  first  bacteria 
were  recognised  as  the  cause  of  a  number  of  diseases,  several  organisms 
were  isolated,  each  of  whicli  was  claimed  by  its  discoverer  as  the 
cause  of  cancer.  None  of  them,  however,  stood  the  test  of  further 
experience.  Parasitic  protozoa  were  next  brought  forward  as  the 
agents  concerned.  There  is  a  disease  of  the  rabbit  due  to  an  animal 
parasite  {coccidium  oviforme)  in  which  a  proliferation  of  the  lining 
epithelium  of  the  bile-ducts  occurs,  resembling  an  adenoma  in  appear- 
ance. This  was  set  up  as  the  type  of  tumour-formation,  and 
the  so-called  cancer-bodies  (p.   120)  were  assigned  to  this  class  of 
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animalcules.  This  identification  is  not  now  supported  by  many 
authorities,  and  the  most  recent  champions  of  the  parasitic  theory  are 
in  favour  of  regarding  these  peculiar  bodies  as  parasitic  yeasts  (h/asfo- 
mi/cefex).  Plimmer  has  cultivated  from  carcinomata  a  fungus  which  is 
capable,  when  injected  into  the  peritoneal  cavity  of  animals,  of  causing 
nodular  proliferations  of  the  endothelial  cells  of  the  serous  membrane. 

It  may  be  pointed  out  in  favour  of  the  probability  of  a  parasitic 
origin  of  malignant  growths  (1)  that  they  tend  to  occur  in  old  persons 
rather  than  in  the  young  or  adult,  just  as  parasites  attack  weakly 
rather  than  strong  individuals ;  and  (2)  that  the  dissemination  of 
malignant  secondary  growths,  by  blood-  and  lymph-channels,  bears  a 
considerable  resemblance  to  the  spread  of  a  process  such  as  tubercu- 
losis. If  it  were  satisfactorily  proved  that  the  peculiar  cancer-bodies 
wei-e  in  reality  parasites,  which  occurred  only  in  this  disease,  a  fairly 
strong  ■prima  facie  case  would  exist  for  believing  in  this  theory.  This 
proof  does  not  yet  exist,  many  observers  holding  that  these  appear- 
ances are  only  masses  of  hyaline  material,  fragmented  nuclei,  leuco- 
cytes or  invaginated  cells  (p.  122). 

Against  the  theory,  on  general  grounds,  cogent  arguments  may  be 
urged.  (1)  There  is  practically  no  evidence — either  clinical  or  experi- 
mental— of  infection  taking  place  between  different  individuals  ;  nor 
does  the  disease  appear  in  epidemic  or  endemic  form.  (2)  The  method 
of  spread  by  secondary  growths  when  closely  examined  is  unlike  that 
in  any  known  infective  disease.  Thus,  a  parasite  might  set  up  irritation 
in  the  tissues  with  which  it  came  into  contact,  and  thereby  cause 
proliferation  of  the  cells  affected.  It  might  thus  stimulate  either 
connective-tissue  cells  alone,  as  is  the  case  with  the  bacteria  causing 
inflammation,  or  it  might  cause  multiplication  of  the  essential  cells  of 
organs  attacked.  As  the  pai'asite  became  distributed  throughout  the 
body,  it  would  cause,  in  the  former  case,  connective-tissue  growths  in 
various  parts,  or,  in  the  latter,  growths  differing  according  to  the 
organs  invaded.  In  tumours,  on  the  conti'ary,  the  secondary  deposits 
exactly  resemble  the  primary  growth,  whatever  the  parts  may  be  in 
which  they  are  situated.  From  this  it  almost  certainly  follows  that 
they  are  due  to  embolism  by  fragments  of  the  original  growth.  Such 
an  occurrence  is  not  known  to  take  place  in  any  recognised  parasitic 
disease.  (3)  Further,  no  observer  has  apjilied  the  parasitic  theory  to 
all  tumours  alike,  nor  has  any  one  succeeded  in  finding  cancer-bodies 
in  all  specimens  of  cancer  examined.  It  may,  therefore,  be  concluded 
that  at  the  most,  a  parasitic  origin  is  possible  in  the  case  of  one  special 
group  of  tumours — carcinomata  —and  that  even  in  this  limited  field  it 
is  not  by  any  means  proved  to  be  the  case. 

5.  Theory  of  Altered  Tissue-Resistance. — It  has  been  sug- 
gested that  tumours  are  due  to  an  alteration  in  the  mutual  relations 
of  tissues,  from  which  it  results  that  one  kind  of  cell  overcomes  the 
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resistaiict;  of  neigliboiiriiifr  parts  iiiiil  grows  more;  luxuriant])'.  'J'lius  it 
is  said  that  in  old  age  the  connective  tissues  sufler  from  depressed 
vitality^  while  epithelium  is  still  vigorous :  hence  the  appearance  of 
carcinomata  in  advanced  life.  It  is  an  obvious  objection  that  sarcomata 
— connective-tissue  tumours—  may  also  occur  in  old  age ;  and  that 
senile  atrophy  of  the  more  highly  differentiated  cells  is  generally 
accompanied  by  an  mcreased  growth  of  connective-ti.ssue.  Ribbert 
has,  on  the  other  hand,  suggested  that  carcinoma  is  due,  not  to  over- 
gi'owth  of  epithelial  cells,  but  to  upward  spread  of  connective-tissue 
masses,  whereby  clusters  of  epithelial  cells  are  enclosed — the  latter 
merely  pursuing  their  natural  process  of  development.  The  appear- 
ance of  secondary  deposits  seems  scarcely  explicable  on  this  hypo- 
thesis. 

6.  Theory  of  Nervous  Influence. — It  has  been  suggested  that 
the  nervous  system  has  some  connection  Avith  the  origin  of  new- 
growths.  In  favour  of  such  connection  may  be  adduced ;  (1)  the 
supposed  greater  frequency  of  tumour-formation  in  man  and  the  higher 
animals  than  in  those  lower  in  the  scale — the  development  of  tumours 
being  thus  pari  "passu  with  that  of  the  nervous  system  ;  (2)  the  absence 
of  nerves  from  tumours ;  (3)  the  facts  that  tuinours  have  no  function 
and  that  they  grow  independently  of  the  other  parts  of  the  body,  often 
flourishing  luxuriantly  while  the  rest  of  the  organism  is  much  emaciated 
— the  latter  peculiarity  appearing  to  depend  on  some  freedom  from 
central  control.  (4)  It  may  also  be  noted  that  the  growth  kno^vn  as 
molluscinn  Jibrosum  appears  definitely  coimected  with  nerve  distribution, 
and  that  alterations  in  neighbouring  nerve-trunks  have  been  found  in 
certain  cases  of  sarcoma  (Campana).  So  little .  is,  however, .  known 
of  the  action  of  the  nervous  system  on  the  tissues  that  this  hypothesis 
is  at  present  somewhat  visionary. 

CONCLUSIONS. — From  the  preceding  considerations  it  seems 
legitimate  to  draw  the  following  conclusions,  (l)  Some  tumours  arise 
from  developmental  errors  or  cell- rests.  (2)  Other  tumours  owe  their 
origin  to  chronic  tissue-irritation.  (3)  It  is  possible,  but  not  proved, 
that  in  a  single  class  of  tumours — carcinomata — the  source  of  irritation 
may  be  vegetable  parasites-.  It  remams  to  consider  whether  any  general 
principle  can  be  found  to  connect  together  these  apparently  diverse 
causes. 

It  is  well  known  that  chronic  irritation  of  tissues  is  accompanied  by 
continual  attempts  at  repair  on  the  part  of  the  tissues,  which  attempts  are ' 
constantly  interrupted  by  the  irritant.  In  other  words,there  is  irregular 
cell-multiplication.  An  example  of  this  may  be  seen  at  the  margin  of 
a  chronic  ulcer.  Here  microscopical  examination  shows  that  there 
occur  masses  of  epithelial  cells  embedded  among  the  granulation-tissue, 
and  cut  off"  from  the  surface- epithelium  in  which  they  originated.  It 
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requires  no  great  stretch  of  imagination,  to  see  in  such  isolated  cells 
rudiments  of  potential  tumours,  analogous  to  the  developmental  "  rests" 
which  are  i-ecognised  as  the  other  great  source  of  new-growths.  If 
this  be  so,  timours  may  be  said  to  originate  in  groups  of  cells  which  have 
become  severed  from  their  natural  co?meclio7is  in  the  body,  whether  this 
be  the  result  of  developmental  errors  or  of  other  causes.  What 
exactly  is  implied  by  "^'natural  connections  "  requires  further  elucida- 
tion :  it  is  possible  that  it  is  in  this  direction  that  we  may  look  for 
the  action,  or  failure  of  action,  of  the  nervous  system,  as  was  suggested 
above. 

Recent  experiments  supply  facts  to  some  extent  favouring  this 
suggested  explanation  of  the  origin  of  tumours.  Thus  Birsch- 
Hirschfeld  and  Garten  injected  emulsions  of  living  embryonic  cells 
into  the  livers  of  adult  animals,  and  found  that  in  some  cases  definite 
tumour-like  growths  resulted.  These,  however,  did  not  persist,  but 
were  ultimately  absorbed.  Further,  Lack  has  described  an  exjieriment 
by  which  cells  from  the  ovary  of  a  rabbit  were  set  free  in  its  peritoneal 
cavity,  and  as  the  result  of  this,  a  definite  carcinomatous  mass  with 
secondary  growths  developed.  Taken  together,  these  experiments 
appear  (if  confirmed)  to  prove  that  free  embryonic  or  epithelial  cells 
set  free  in  the  tissues  may  form  tumours.  Further,  they  throw  some 
light  on  the  j^ossible  nature  of  the  difference  between  benign  and 
malignant  growths.  In  the  first-mentioned  series  of  experiments  it 
was  found  that  only  cells  from  young  embryos  were  capable  of  the 
development  described  :  those  from  more  advanced  foetuses  were 
merely  absorbed  by  the  tissues.  This  appears  to  indicate  that,  in 
order  that  tumours  may  develop,  a  certain  relation  must  exist  between 
the  vigour  of  the  aberrant  cells  and  that  of  the  surrounding  jiarts.  If 
the  free  cells  are  vigorous  and  the  tissues  comparatively  non-resistant, 
a  rapidly  growing  tumour  will  result :  this  will  infiltrate  surrounding 
tissues,  and  portions  will  be  easily  carried  away  to  form  secondary 
deposits.  If,  on  the  other  hand,  the  tissues  are  more  resistant,  the 
invading  cells  will  grow  slowly  and  with  difficulty,  and  there  will  be 
time  for  a  capsule  of  connective-tissue  to  be  formed  around  them  :  the 
tumour  will  then  be  an  innocent  one,  as  in  the  case  of  an  implantation 
cyst.  Should  the  resistance  of  the  tissues  be  subsequently  weakened, 
innocent  growths  may  become  malignant,  as  is  not  infrequently  seen 
to  occur.  Finally,  if  the  resistance  of  the  tissues  is  sufficient,  any  cells 
which  are  accidentally  set  free  are  absorbed  and  not  permitted  to 
establish  a  footing.  This  is  presumably  the  case  with  the  majority  of 
mankind,  who  are  exposed  to  the  cause  of  tumour-formation  equally 
with  the  minority  who  develop  the  disease  :  only  those  whose  tissues 
are  of  feeble  resisting  power  against  invading  cells  become  the  subjects 
of  new- growths.  Simple  traumatism,  such  as  blows,  to  which  many 
patients  attribute  the  oi-igin  of  their  trouble,  may  be  the  agent  by 
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which  cells  are  torn  from  their  connections  and  allowed  to  take  on 
independent  growtii. 

CLASSIFICATION.— In  our  present  state  of  ignorance  no 
satisfactory  classification  of  tumours  is  possible.  The  one  here  adopted 
is  based  upon  their  histological  characters.  Tumours  arising  from 
mcsoblu.ilic  tissues  are  arranged  in  three  groups ;  the  Jirst,  resembling 
the  most  highly  differentiated  tissues ;  the  second,  the  ordinary  con- 
nective-tissues ;  and  the  third,  the  embryonic  tissues.  In  dealing 
with  tumours  from  epibhtstic  and  hi/poblasHc  tissues  the  same  order  is 
followed. 

For  the  sake  of  convenience,  all  cysts  are  grouped  together  at  the 
end  of  tumours — though  the  great  majority  of  cysts  are  not  new- 
growths. 


Classification  of  Tumours. 

I. —  Ti/pe  of  Higher  Tissues. 

Type  of  muscle     ....  Myoma. 

,,      nerve       ....  Neuroma, 

blood-vessels    .  Angioma, 

lymphatic  vessels  Lymphangioma. 

II. — Tijpe  of  Fully-developed  Connective  Tissues. 

Type  of  fibrous  tissue  Fibroma. 

mucous   Myxoma. 

adipose    ,.      .       .       .  'Lipoma, 

cartilage   ....  Chondroma, 

bone        ....  Osteoma. 

III. —  Ti/pe  of  Embryonic  Connective  Tissues. 
The  varieties  of  Sarcoma. 

IV. — Type  of  Epithelial  Tissues. 

Epiblast   /-Papilte  of  skin  or  mucous  membrane    .  T Papilloma, 
and      \  \  Adenoma. 

Hypoblast.  vGlands  •  ^Carcinoma. 

V. — Teratomata,  or  Congenital  Mixed  Tumours. 


MYOMA. 

Myomaia  are  tumours  consisting  of  muscular  tissue.  There  are 
two  varieties — Jihabdomyoma  and  Leiomyoma. 

].  Rhabdomyomata  consist  of  striated  muscle  combined  with 
varied  but  generally  considerable  amounts  of  connective-tissue.  They 
are  congenital  and  very  rare.  The  kidney  and  testis  are  the  com- 
monest sites.     The  striated  muscle-cells  in  congenital  growths  of 
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these  organs  are  probably  due  to  the  original  inclusion,  in  the 
Wolffian  body,  of  cells  from  the  adjacent  muscle-plates. 

2.  Leiomyomata  consist  of  non-striated  muscle-cells,  more  or 
less  isolated  or  grouped  into  fasciculi  of  various  sizes,  with  a  varying 
quantity  of  connective-tissue  and  blood-vessels  (Fig.  41).  The  mus- 
cular elements  either  present  an  approximately  regular  arrangement, 
or  pass  in  all  directions  through  the  tumour.  The  blood-vessels, 
which  usually  are  not  numerous,  are  distributed  in  the  connective- 
tissue. 

Leiomyomata  are  most  frequent  in  the  uterus ;  they  also  occur  in 
the  prostate,  the  oesophagus,  the  stomach  and  the  intestines.  They 
frequently  become  pedunculated  and  form  polypi.    They  are  much 


Fig.  41. — Myoma  of  Uterus,  showing  the  uiterlacuig  bundles  of  muscle- 
cells  runnfng  in  all  directions,     x  90. 

commoner  than  the  striated  growths,  and  are  probably  strictly 
homologous.  They  may  forni  distinctly  circumscribed  tumours  sur- 
rounded by  a  fibrous  capsule,  or  ill-defined  irregular  masses  in  the 
midst  of  the  muscular  tissue  in  which  they  grow. 

The  most  frequent  secondary  change  which  myomata  undergo  is 
calcijicalion.  Hcemorrhage,  mucoid  suftening,  and  the  consequent  formation 
of  cysts,  are  occasionally  met  with  ;  also  injlammation,  ulceration  and 
necrosis. 

Clinically,  myomata  are  never  malignant. 

Myoma  of  Uterus. — The  uterus  is  by  far  the  most  frequent  seat 
of  myomata,  and  here  they  constitute  the  ^o-cnWed  "  uferiiie  Jibroids." 
In  most  of  these  muscular  tumours  of  tiie  uterus  there  is  a  large 
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proportion  of  connective-tissue— hence  the  terms  ••  fibroid  "  and  "  fibro- 
inyoma."  This  is  the  case  especially  in  older  growths.  'I'hose  newly  deve- 
loped, on  the  other  hand,  consist  almost  entirely  of  true  muscular  tissue. 
These  tumours  are  often  multiple.  They  either  form  firm  hard  masses 
embedded  in  the  uterine  walls,  or  project  into  the  uterine  or  abdominal 
cavities,  thus  forming  the  intra-mural,  sub-peritoneal,  and  sub-mucous 
varieties.  When  jirojecting  into  the  uterus  they  constitute  a  common 
form  of  utcnne  poh/pux.  They  do  not  form  till  after  puberty,  and  are 
commonest  in  elderly  sterile  females.  Their  growth  is  usually  slow. 
Pregnancy  causes  them  to  enlarge  rajjidly,  and  they  undergo  some 
involution  after  delivery.  They  generally  atrophy  at  the  menopause. 
The  older  ones  are  liable  to  become  calcified.  They  also  sometimes 
undergo  mucoid  softening,  which  gives  rise  to  the  formation  of  cysts 
in  their  interior. 


NEUROMA. 

Neuromata  are  tumours  consisting  of  nerve-tissue,  a7id  are  among 
the  rarest  of  new-growths. 

They  are  usually  made  up  of  a  mass  of  ordinary  meduUated  nen'e- 
fibres ;  they,  therefore,  resemble  the  cerebro-spinal  nerves  in  structure. 
Vlrchow  has  also  described,  as  exceedingly  rare  formations,  tumours 
composed  of  non-medullated  fibres  and  of  ganglionic  nerve-tissue. 
Neuromata  are  generally  small,  hard,  and  single  tumours.  They  alwaj's 
originate  from  pre-existing  nerve-tissue,  which  fact  determines  their 
site.  Clinically,  they  are  described  as  innocent,  painful,  and  of  slow- 
growth. 

Recent  investigations  have  shown  that  most  tumours,  formerly 
described  as  neuromata,  are  really  fibrous,  fatty,  or  mj'xomatous 
growths  occurring  in  connection  with  nerves,  and  so  distributed  among 
the  nerve-fibres  that  it  is  difficult  to  ascertain  whether  any  new  growth 
of  nerve-tissue  has  occurred  other  than  elongation  of  the  pre-existing 
nerve-elements.  Most  of  the  small,  hard,  painful  tumours  occurring  in 
connection  with  nerves  are  probably  fibromata.  Of  similar  nature  are 
the  plexiform  masses  found  in  the  skin  and  subcutaneous  tissue,  and 
known  to  be  hereditary  (see  p.  88). 

The  term  ampidation-neuroma  is  applied  to  the  bulbous  ends  of 
nerves  sometimes  found  in  stumps.  They  consist  of  fibrous  tissue  con- 
taining masses  of  rolled-up  nerve-fibres — attempts  at  repair  rather  than 
tumours.  They  are  usually  connected  with  the  cicatricial  tissue  of  the 
stumps.   

GLIOMA. 

Gliomata  are  tumours  composed  of  neuroglia-tissue.  The  cells  are 
similar  to  the  stellate  or  spider-shaped  cells  with  large  nuclei,  which 
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normally  form  this  tissue,  but  they  may  be  so  packed  that  their  pro- 
cesses are  hidden  :  the  microscopic  appearances  of  the  tumour  are, 
therefore,  not  unlike  those  of  a  round-celled  sarcoma.  In  other  cases 
the  cells  are  comparatively  few  and  their  processes  distinct,  so  that 
their  structure  resembles  that  of  a  myxoma.  The  vessels  vary  in 
number  and  size  and  are  frequently  supported  in  fibrous  septa  derived 
from  the  pin  mater.  The  adventitia  of  the  vessels  is  generally  thickened 
and  may  often  undergo  hyaline  clianges. 

To  the  naked  eye,  these  tumours  are  of  almost  the  same  con- 
sistency as  the  brain  substance,  but  generally  of  a  greyer  colour.  As 
in  other  tumours,  the  larger  the  proportion  of  cells  the  softer  is  the 
tumour.  Although  gliomata  grow  slowly  they  are  not  encapsuled, 
and  although  they  progressively  infiltrate  the  tissues,  they  do  not 
give  rise  to  secondary  growths  unless  they  take  on  distinctly  sarcoma- 
tous structure. 

Among  the  secondary  changes  that  may  be  found  in  these 
groAvths  are  small  hcemon-hages  into  their  substance ;  they  may  also 
undergo  fatty  degeneration  or  cystic  changes. 

Gliomata  originate  in  those  parts  which  are  outgrowths  of  em- 
biyonic  cerebral  vesicles — i.e.,  brain,  spinal  cord,  optic  nerves,  retina, 
and  olfactory  lobes.  In  the  spinal  cord  the  tumour  grows  along  the  peri- 
ependpnal  tissue,  giving  rise  to  the  condition  known  as  "  syringo-myelia." 

Clinically,  these  growths  are  innocent,  though  they  may  occa- 
sionally become  sarcomatous. 


ANGIOMA. 

Angiomata  consist  of  blood-vessels  held  together  by  a  small  amount 
of  connective-tissue. 

They  may  be  divided  into  two  varieties,  (1)  simple  or  capillary 
angiomata,  made  up  of  new  vessels  roughly  resembling  ordinary  blood- 
vessels ;  and  (2)  cavernous  angiomata,  consisting  of  a  cavernous  structure 
similar  to  that  of  the  corpus  cavernosum  of  the  penis. 

1.  Capillary  Angiomata. — These  tumours  consist  of  a  mass  of 
blood-vessels,  including  arteries,  veins,  and  capillaries  ui  various  pro- 
portions, bound  together  by  a  small  quantity  of  connective-tissue  and 
fat.  The  lumen  of  the  vessels  may  be  cylindrical,  sacculated,  or  fusi- 
form. The  thickness  of  the  walls  varies,  those  of  the  capillaries  being 
often  much  thicker  than  is  usual  in  normal  vessels  (Fig.  42). 

These  growths  occur  principally  in  the  skin  and  subcutaneous 
tissue  :  in  the  former,  they  give  rise  to  the  common  cutaneous  navi, 
and  the  so-called  port-wine  stains  or  mothers  marks  ;  in  the  latter,  they 
form  soft,  spongy  tumours  imparting  a  bluish  colour  to  the  overlying 
skin.  They  are  probably  always  congenital,  though  they  may  not  be 
noticed  for  a  few  weeks  after  birth. 
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Capillary  angiomata  are  often  combined  with  other  growths,  such 
as  lipoma,  glioma,  or  sarcoma.  Sometimes  cysts  containing  altered 
blood  form  in  them :  these  are  probably  due  to  haemorrhage. 


Fig.  42. — Capillary  NcBv  us  from  Sttbcutaneous  Tissue  of  a  Child.  Vessels 
of  new  growth:  a,  normal  artery;  /,  fat-cells;  c,  capsule;  cap, 
capillaries  with  thickened  walls.    (Boyd.)    x  100. 

2.  Cavernous  Angiomata  are  made  up  of  irregular  fibrous 
alveoli,  which  communicate  freely  with  one  another,  and  are  lined 
with  an  endothelium  similar  to  that  of  the  veins  (Fig.  43).  These 
spaces  are  distended  with  blood,  which  is  supplied  to  them  bj'  numerous 
tortuous  vessels  and  circulates  with  varying  degrees  of  rapidity.  The 
arteries  open  directly  into  the  spaces.  These  growths  are  commonly 
of  a  bluish  colour,  and  may  be  diffuse,  or  form  distinctly  circumscribed 
tumours,  sometimes  exhibiting  distinct  pulsation.  Their  favourite  seat 
is  the  skin  and  subcutaneous  tissue,  but  they  may  also  occur  in  the 
orbit,  muscles,  liver,  spleen,  and  kidneys.  They  may  develop  by  dila- 
tfition  of  the  vessels  of  a  simple  angioma.  They  may  be  congenital ; 
but  in  the  liver  Ziegler  thinks  they  develop  after  middle  age,  when  the 
cells  begm  to  atrophy. 

Cirsoid  Aneurysm. — This  term  is  applied  to  a  change  in  the 
arteries  of  an  area,  especially  on  the  head,  by  which  they  become 
dilated,  greatly  elongated,  and  tortuous  :  it  is  doubtful  if  new  vessels  are 
formed.  Some  cirsoid  aneuiysras  are  congenital ;  others  follow  injuries. 

Angiomata — both  capillary  and  cavernous — are  frequently  found 
in  the  neighbourhood  of  embryonic  clefts — either  fiicial  or  branchial — 
as  well  as  at  the  orifice  of  the  urethra  {urclhral  carimcle).  In  other  cases, 
tlicir  position  seems  to  depend  upon  nerve-distribution  :  thus,  cutaneous 
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angioinata  («a'('i)  may  be  found  limited  to  the  area  of  distribution  of 
one  brancli  of  the  fiftli  nerve.  In  a  large  number  of  cases,  however, 
the  position  of  angiomata  does  not  conform  to  either  of  these  rules. 

According  to  Thoma,  the  formation  of  the  new  vessels  is  dependent 
upon  variations  in  the  relationship  which  the  intravascular  pressure 
bears  to  the  normal  jjressure  exerted  on  the  vessels  by  the  tissue 
concerned.  He  further  points  out  that,  when  the  different  orifices 
of  the  body  are  being  formed,  various  internal  parts  become  ex- 
ternal, and  vice  versa.  In  this  way  the  relative  pressure  in  different 
parts  is  liable  to  considerable  alteration,  and  local  growths  of  new 
vessels  may,  according  to  Thoma's  hypothesis,  easily  occur.    The  same 


Fig.  43. — Cavernous  Nmvus  of  the  Liver.  From  a  woman  aged  39.  jj, 
large  spaces  bounded  by  fibrous  walls,  some  containing  blood 
debris  ;  c,  liver-tissue  toward  which  the  growth  is  bounded  by  thick 
fibrous  walls,     x  30.    (Boyd. ) 

observer  has  shown  that  in  foetal  life  the  growth  of  the  section  of  a 
vessel  is  proportionate  to  the  rate  of  flow  through  it,  and  that  the 
lumen  of  the  new  vessels  will  be  large  or  small  accordingly. 

Iiymphangioina. 

Lymphangiomata  are  tumours  consisting  of  abnormally  large  lym- 
phatic vessels.  It  is  doubtful  how  much  of  the  growth  is  due  to  simple 
dilatation  and  how  much  to  new  formation  of  lymphatic  vessels.  Strictly 
.speaking,  very  few  lymphangiomata  are  "tumours."  The  divisions  are 
the  same  as  those  of  angioma — capillary  and  cavernous.  A  section 
of  the  latter  would  scarcely  be  distinguishable  from  one  of  cavernous 
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iia'vus  (Fig.  4f3),  except  by  the  contents  of  tlie  spaces.  There  is 
generally  fat  in  the  stroma. 

Each  kind  may  be  congenital  or  acquired.  Curigoiila/  dilatiitions 
are  found  in  tlie  tongue  (macroglossia),  lip  (macrocheilia),  and  laljium, 
causing  h}'pertroj)hy  of  the  parts.  Tliey  are  also  found  in  other  parts 
of  the  skin.  > 

Acquired  dilatation  of  lymphatics  is  found  in  the  skin  and  subcu- 
taneous tissue,  especially  of  the  thigh  and  thorax.  In  this  way 
tumours  as  large  as  an  orange  may  be  formed  in  the  subcutaneous 
tissue.  Dangerous  loss  of  lymph  may  occur  from  ru])ture  of  one  of  the 
vessels.  Fibroid  thickening  may  take  place  in  the  parts  from  which 
the  lymphatics  pass  to  the  tumour,  which  in  the  skin  may  assume 
the  appearance  of  a  wart. 

FIBROMA. 

Fibromata  consist  of  fibrous  tissue. 

The  fibres,  which  constitute  the  chief  part  of  the  growth,  are 
either  loosely  or  densely  packed,  and  are  arranged  in  intersecting 
bundles  of  various  sizes  or  in  whorls  around  the  blood-vessels  (Fig.  44): 
in  many  cases  no  definite  arrangement  is  recognisable.  Yellow^  elastic 
fibres  are  very  rarely  met  with. 


Fig.  44. — Fibrous  Tumour  from  the  Skin.    Near  the  cut  blood-vessel. 
V,  are  seen  some  cells  ;  also  fibres  cut  transversely,     x  100. 

The  cells,  like  those  of  normal  fibrous  tissues,  are  generally  few 
in  number,  and  are  usually  most  abundant  around  the  vessels.  They 
are  miiaute,  spindle-shaped,  fusiform,  or  stellate  bodies,  with  pro- 
cesses of  varying  lengtli,  which  conmiunicate  with  similar  processes 
from  neighbouring  cells.  The  cells  vary  in  size  and  number  Avith  the 
rapidity  and  age  of  growth — the  slower  and  older  the  growth,  the  denser 
the  tissue,  and  the  flatter  and  less  numerous  the  cells. 

Fibromata  usually  contain  but  few  blood-vessels.  In  the  softer 
growths,  however,  these  are  often  more  numerous,  and  may  form  an 
important  constituent  of  the  tumour  (Fibivma  lekangicclaiicum,  Angio- 
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Jibwma).  Dilated  veins  sometimes  form  a  cavernous  network,  the  walls 
of  which  are  firmly  united  to  the  tissue  of  the  tumour,  so  that  if 
divided  or  ruptured  they  are  unable  to  retract  or  collapse,  and  profuse 
haemorrhage  may  ensue  {Fibroma  cavemoxuvi). 

Partial  mucoid  sqflening  and  calcificalion  are  the  most  common 
secondary  changes ;  ossification  takes  place  in  fibromata  springing 
from  bone.  Ulceration  also  sometimes  occurs  in  those  growths  which 
are  situated  in  the  skin  and  submucous  tissues. 

Fibromata  originate  from  connective-tissue,  from  the  cutis  or  subcu- 
taneous tissue,  from  submucous  or  subserous  tissue,  from  fascia,  from 
periosteum,  from  neurilemma,  or  from  the  connective-tissue  of  organs. 

Clinically,  fibromata  are  perfectly  innocent :  they  grow  slowly, 
and  do  not  recur  after  removal. 

Fibromata  are  generally  divided  into  two  varieties,  sofi  and  hard, 
corresponding  to,  and  usually  oi-iginating  from,  the  loose  and  dense 
varieties  of  ordmary  connective-tissue  respectively. 

1.  Soft  Fibromata. — These  consist  of  the  looser  and  less  dense 
form  of  fibrous  tissue.  They  are  met  with  as  diffuse  growths  in  the 
subcutaneous  and  submucous  tissues.  In  the  former  situation  they 
often  form  large  pedunculated  and  non-encapsuled  tumours,  which  are 
commonly  known  as  wens.  These  are  sometimes  multiple.  An  exten- 
sive thickening  of  the  skin  and  subcutaneous  tissue  over  one  or  more 
limbs  sometimes  occurs,  producing  large  masses  which  hang  down  from 
the  thighs,  buttocks,  and  other  parts  {Elejihantoid  Jihromd). 

In  addition  to  these  diffuse  growths,  more  circumscribed  and 
encapsided  fibrous  tumours  of  the  soft  variety  are  occasionally  met 
with,  growing  from  the  scalp,  scrotum,  labium,  intermuscular  septa,  or 
other  situations. 

2.  Hard  Fibromata. — These  are  composed  of  dense  fibrous  tissue 
like  that  in  tendons.  They  are  firm,  hard,  encapsuled  tumours,  pre- 
senting, on  section,  a  greyish-white,  glistening,  fibrous  appearance. 
These  tumours  often  occur  m  connection  with  bone — especially  the 
upper  and  lower  jaws — originating  either  in  the  centre  of  the  bone  or 
in  the  periosteum.  Growing  from  the  periosteum  of  the  alveolus  they 
constitute  simple  Jibrotis  eirulis.  They  are  also  met  with  in  the  nose, 
where  they  form  one  variety  of  nasal  polypus,  and  in  the  naso-pharynx, 
springing  from  the  front  of  the  spine,  or  from  the  base  of  the  skull. 
In  these  firm  fibrous  growths  the  veins  may  form  cavernous  spaces. 

Some  old  tumours  of  the  uteinis  are  almost  pure  fibromata ;  but  the 
so-called  uterine  "  fibroids  "  are  in  most  cases  local  overgrowths  of  the 
involuntary  muscular  tissue  of  the  organ  (p.  81). 

Tumours  consistmg  mainly  of  hard  or  soft  fibrous  tissue  are  fre- 
quently met  with  in  the  breast ;  but  in  this  situation  they  always 
contain  at  least  a  few  foci  of  proliferated  gland-tissue,  and  are  gener- 
ally described  as  adcno-Jibromata  (p.  115), 
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PVaiix  (j).  Ill)  and  iiwri  (]).  84)  are  sometimes  classed  as  fibro- 
mata. 

Neuro-fibromata  {  fake  Jieuromald).  These  hard  fibrous  tumours 
most  frequently  occur  in  connection  with  the  sui)erficial  nerves.  They 
grow  from  the  peri-  and  endo-neurium,  and  as  they  increase  in  size 
the  nerve-fibres  become  expanded  over  or  buried  in  them.  They  are 
very  firm,  rounded  tumours,  and  are  frequently  multiple  and  heredi- 
tarJ^    The  function  of  the  nerves  is  not  necessarily  affected. 

Small  wart-like  projections  from  the  skin,  consisting  of  soft  fibrous 
tissue,  grow  in  connection  with  tlie  sheaths  of  cutaneous  nerves  (von 
Recklinghausen),  and  ai'e  known  as  inolluscum  Jibrosum.  Tliey  are 
probably,  therefore,  neuro-fibromata. 

Fibro-psammomata.^ — These  are  soft  fibrous  growths  containing 
large  numbers  of  concentrically  laminated  calcareous  masses  already 
described  as  corpora  amijlacea  (p.  58).  They  give. rise  to  the  so-called 
"brain  sand" — hence  the  name  of  the  growth. 

Psammomata  grow  from  the  pineal  gland,  the  membranes  of  the 
brain,  or  the  choroid  plexus.  In  the  last-named  structure  a  psammoma 
often  contains  numerous  cysts.  Such  growths  are  of  no  pathological 
importance  except  when  of  sufficiently  large  size  to  produce  symptoms 
by  pressure. 


MYXOMA. 


Myxomata  consist  of  mucous  tissue — i.e.,  a  fragile  connective-tissue 
of  which  the  intercellular  substance  is  translucent,  homogeneous,  and 

jelly-like,  containing  much  fluid,  and 
yielding  mucin.  Physiologically,  this 
tissue  is  met  with  in  the  vitreous  body 
of  the  eye,  in  which  the  cells  are 
roundish  and  isolated ;  and  in  the 
umbilical  cord,  in  which  the  cells  are 
fusiform  or  stellate,  and  give  off  fine 
anastomosing  prolongations.  All  em- 
bryonic connective-tissue,  especially 
that  wliich  subsequently  becomes 
adipose,  possesses  an  intercellular 
substance  containing  much  mucin. 
New  formations  may  undergo  mu- 
coid degeneration,  and  tlius  closely 
resemble  in  tiieir  physical  and  chemi- 
cal cliaracters  myxomatsi ;  but  a 
myxoma  consists  of  mucous  tissue  from  tlie  first.  Myxomata  are  thus 
very  closely  allied  to  sarcomata,  and  by  many  are  included  in  the  same 


Fig.  45.  — Myxoma.  — •  From  the  arm  ; 
showing  the  characteristic  branched 
anastomosing  cells,  a  few  leucocytes, 
and  one  or  two  spindle-cells,     x  200. 
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class  of  new  formations.  An  (Edematous  fibroma  or  lipoma  closely 
resembles  a  myxoma  or  myxo-li))oma. 

Structure. — The  majority  of  the  cells  are  angular  and  stellate, 
^vith  long  anastomosing  prolongations ;  others  are  isolated,  and  fusiform, 
oval,  or  spherical  in  shape  (Fig.  45).  Their  contour  is  very  indistinct, 
omng  to  the  refractive  nature  of  the  intercellular  substance.  The 
latter  is  very  abundant,  perfectly  homogeneous,  soft,  gelatinous, 
viscid,  and  yields  large  quantities  of  mucin  :  in  it  are  a  varying  number 
of  amoeboid  cells.  Blood-vessels  ai-e  not  numerous,  and  are  readily 
visible  and  easily  isolated.  A  few  elastic  fibres  are  sometimes  seen 
between  the  cells. 

To  the  naked  eye,  myxomata  are  of  a  peculiar  soft  gelatinous 
consistence,  and  of  a  pale  greyish  or  reddish-white  colour.  Their  cut 
surface  yields  a  tenacious  mucilaginous  liquid,  in  which  may  be  seen 
the  cellular  elements  of  the  growth.  They  are  usually  separated  from 
the  surrounding  structures  by  a  very  thin  fibrous  capsule.  Fine  pro- 
longations extend  from  this  into  the  growth,  dividing  it  into  lobules  of 
various  sizes.  In  exceptional  cases  a  myxoma  may  increase  by  the 
continuous  invasion  of  the  surrounding  tissues. 

Among  the  secondary  changes  the  most  common  is  rupture  of 
the  capillaries,  haemorrhage,  and  the  formation  of  blood-cysts ;  this, 
however,  is  less  frequent  than  in  sarcomata.  The  cells  themselves 
may  undergo  mucoid  or  fatty  degeneration,  and  thus  be  destroyed  :  this 
is  usually  accompanied  by  Uquefaction  of  the  mtercellular  substance. 
The  gi'owth  is  liable  to  injlammation,  ulceration,  and  necrosis. 

The  varieties  of  myxoma  dejDend  principally  upon  its  combination 
with  other  growths ;  a  pure  myxoma  is  very  unusual.  The  most 
common  combination  is  a  myxo-lipoma.  Combinations  with  sarcoma, 
fibroma,  chondroma,  and  adenoma  are  also  met  with. 

Myxomata  originate  from  connective-tissue,  and  are  most  common 
in  subcutaneous  and  subserous  fat,  and  in  submucous  and  intermuscular 
tissue.  They  also  grow  from  the  periosteum  and  medulla  of  bone, 
from  the  connective-tissue  of  organs  (esjiecially  the  breast),  and  from 
the  perineurium  of  nerves,  formmg  one  variety  of  false  neuromata. 
They  may  grow  from  the  placenta,  constituting  the  so-called  "  uterine 
hydatids." 

When  situated  in  superficial  parts  they  may  become  pedunculated  : 
in  the  submucous  tissue  of  the  nose  they  constitute  one  form  of  nasal 
polypus.  They  not  infrequently  seem  to  result  from  chronic  catarrh. 
In  the  skin  they  are  often  papillary. 

Clinically,  myxomata  occur  chiefly  after  mid-life,  and  are,  for  the 
most  part,  benign.  Their  growth  is  usually  slow,  but  they  may  attain 
an  enormous  size.  If  completely  removed  they  rarely  recur.  Some- 
times, however,  they  recur  locally  after  removal,  but  they  probably 
never  reproduce  themselves  in  internal  organs.    In  speaking  of  their 


90 


TUMOURS 


malignancy,  their  occasional  association  with  saivomata  imist  Ix-  l)orne 
in  mind. 


LIPOMA. 

A  lipoma,  or  fatty  tumour,  is  a  localised  and  circumscribed  forma- 
tion of  fat. 

Lijwmata  resemble  in  their  structure  adijxjse  tissue  (Fig.  46). 
They  consist  of  cells  containing  fat,  and  a  variable  quantity  of  common 

connective-tissue.  The  cells  are  like  those 
of  adipose  tissue,  though  usually  somewliat 
larger.  The  nucleus  and  protoplasm  are  so 
compi-essed  against  the  cell-wall  by  the  fluid 
contents,  that  they  are  readily  visible  only 
when  the  cell  is  atrophied  and  contains  less 
fat  (Fig.  9^  p-  23).  More  or  less  connective- 
tissue  unites  the  cells  into  masses  or  lobules 
which  are  larger  than  in  normal  adipose 
tissue,  and  forms  in  most  cases  around  the 

Fig  46.-£;>;«a.-Some  of  the  tuj^our  a  thin  capsule  more  firmly  adherent 
cells  contain  crystallised  fatty  ^ 

acids.    X  200.  to  surrounding  parts  than  to  the  tumour, 

so  that  the  latter  shells  out  easily.  Blood- 
vessels are  distributed  in  the  fibrous  septa.  Mucous  tissue  is  often 
associated  Avith  the  fatty  (^niyxo- lipoma). 

To  the  naked  eye,  Upomata  are  more  or  less  lobulated,  and 
usually  surrounded  by  a  fibrous  capsule.  When  subcutaneous  they 
move  freely  over  the  deep  fascia ;  but  often  the  attempt  to  raise  the 
skin  from  them  causes  it  to  dimple,  showing  that  thej'  are  adherent  to 
it.  On  section,  they  present  the  ordinary  appearance  of  adipose  tissue, 
with  more  or  less  dense  fibrous  septa  between  the  lobules.  Their 
consistence  and  their  adhesion  to  the  capsule  vary  A\-ith  the  amount  of 
fibrous  tissue  which  they  contain.  In  their  growth  they  occasionally 
become  pedunculated. 

Secondary  changes  in  lipomata  are  not  common  ;  their  fibrous 
septa  may,  however,  become  calcified,  or  even  ossified.  Softening  may 
occur  occasionally  from  mucoid  change.  Injlammation  is  i"are  ;  but  when 
they  are  large  and  situated  in  the  subcutaneous  tissue  the  skin  over 
them  may  become  adherent,  and  ulceration  and  necro.ii,s  of  the  tumour 
occur. 

The  chief  varieties  are  Jibro-lij)omaia,  in  which  the  fibrous  tissue 
is  excessive,  and  mt/xo-lipomata,  or  combination  of  mucous  with  fatty 
tissue.    For  lipo-sarcovia,  see  p.  99- 

Lipomata  originate  from  connective-tissue,  and  their  possible  dis- 
tribution is  almost  co-extensive  with  that  of  adipose  and  connective- 
tissue.    They  occur  most  frequently  m  the  subcutaneous  tissue  of  the 
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trunk,  especially  of  the  back  and  abdominal  wall  ;  sometimes  in  inter- 
nuiscular  septa,  subsynovial  and  subserous  tissues ;  and  occasionally 
also  in  the  submucous  tissue  of  the  stomach  and  intestines,  and  even  in 
internal  organs  where  there  is  normally  no  fat. 

Clinically,  lipomata  are  quite  innocent ;  they  grow  slowly,  but 
may  attain  a  huge  size;  they  are  usually  single,  but  are  not  infrequently 
multiple  and  hereditary.  Sometimes  they  change  their  position  con- 
siderably, presumably  from  the  influence  of  gi-avity.  However 
emaciated  the  individual  may  become,  the  fat  of  a  lipoma  is  but 
slightly  dimmished,  and  never,  under  any  circumstances,  disappears. 


CHONDROMA. 

A  Chondroma  is  a  tumour  com])osed  of  cartilage. 

In  minute  structure  these  tumours  consist  of  cells  and  of  inter- 


FlG.  47. — Ossifying  Chondroma  of  Femur:  a,  cartilage-cells;  ^,  cells 
near  surface  of  tumour,  resembling  those  seen  in  osteoid  tissue 
(P-  93)  I      calcifying  matrix,    x  125. 


cellular  substance,  both  of  which  present  all  the  variations  observed  in 
normal  cartilage.  The  intercellular  substance  may  be  hyaline,  fibrous,  or 
mucoid.  When  fibrous,  the  fibres  may  be  arranged  like  those  of  fibro- 
cartilage,  or  more  or  less  concentrically  around  the  cells,  as  in  the 
reticular  cartilages  of  the  ear  and  larynx.  The  fibres  may  be  distinct 
or  hardly  perceptible.  When  hyaline  or  mucoid,  the  intercellular  sub- 
stance is  sometimes  quite  soft  in  consistence.  The  cells  may  be  round, 
fusiform,  or  stellate,  and  either  numerous  or  few,  in  proportion  to  the 
matrix.  In  the  fibrous  form  they  are  often  small,  and  somewhat  like 
those  of  connective-tissue  ;  in  the  hyaline  forms  they  are  usually  large, 
and  either  round  or  oval  (Fig.  48)  ;  and  in  the  rarer  mucoid  forms  they 
are  more  commonly  stellate  and  branched,  like  the  transitional  cells  at 
the  edge  of  articular  cartilages  where  the  synovial  membrane  ends. 
The  cells  occur  singly  or  are  arranged  in  groups,  and  are  usually  sur- 
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rounded  by  a  fai)siile,  as  in  normal  cartilage,  although  this  is  often 
very  indistinct.  A  cell  possesses  one  or  more  nuclei  surrounded  by 
granular  protoplasm  ;  sometimes  a  cell-wall  cannot  he  distinguished. 

To  the  naked  eye,  the  viorv  xloivhj  growhig^  chondroniata  are  hard 
or  slightly  elastic  tumours,  smooth  or  lobulated,  and  seldom  exceeding 
the  size  of  an  orange.  Tliey  are  encapsuled,  and  consist  either  of  a 
single  tumour  or  of  several  smaller  masses  held  together  by  fibrous 
tissue  in  which  the  few  blood-vessels  run.  On  section,  they  j)resent 
the  appearance  and  consistency  of  cartilage,  frequently  modified  by 
one  or  other  of  the  secondary  changes  above  mentioned.  The  apj)ear- 
ances  may  be  those  of  a  fibroma,  the  cartilage-cells  being  unrecog- 
nisable without  the  aid  of  the  microscope. 

The  more  rapidli/  growing  forms,  such  as  often  start  from  the  pelvic 
bones  or  ribs — myxo-chondromata,  osteo-chondromata  and  chondro- 
sarcoraata — are  much  larger,  softer,  and  more  vascular,  and  never 
present  the  appearance  of  pure  cartilage ;  only  a  few  islets  at  most 
will  be  distinct  in  the  soft  greyish  tissue,  which  is  not  separated  by 
any  capsule  from  the  adjacent  tissues. 

Calcification  is  the  most  common  secondary  change.  It  affects 
with  peculiar  fi-equency  the  largest  group  of  chondromata — those  of  the 
phalanges  and  metacarpal  bones  of  the  hands.  It  spreads  from  many 
centres,  commencing  in  the  capsules,  and  then  involving  the  intercel- 
lular substance.  Ossification  is  especially  frequent  in  chondromata  which 
grow  near  the  junction  of  the  epiphyses  and  shafts  of  long  bones 
(Fig.  47).  These  ossify  as  they  grow  and  form  pedunculated  exos- 
toses. The  common  sub-ungual  exostosis  of  the  great  toe  is  generally 
an  ossifying  fibroma,  chondroma,  or  fibro-chondroma. .  Fatty  degenera- 
tion and  mucoid  softening  are  common 
changes,  and  may  lead  to  the  formation 
of  large  softened  masses  which  present 
the  appearance  of  cysts.  In  rare  cases  the 
skin  covering  the  tumour  ulcerates,  and 
a  fungating  mass  protrudes. 

The  varieties  of  chondroma  depend 
upon  the  nature  of  the  intercellular  sub- 
stance, and  are,  therefore,  fibrous,  hyaline, 

„   ,.     ^,     ,  and  mucoid :  these  are  often  combined 

Fig.  48. — tiyahne  Lhonaroma. 

200.  ha  the  same  tumour.    As  a  rule,  those 

originating  from  the  medulla  of  bone  are 
of  the  hyaline  and  mucoid  class,  whilst  those  originating  from  connec- 
tive-tissue in  other  situations  are  more  frequently  fibrous.  The  rapidly 
growing  fibrous  forms  apjjroach  very  closely  to,  and  merge  with,  the 
sarcomata  {chondrosarcoma),  while  the  mucoid  forms  resemble  the 
myxomata  (niij.ro-r/iondroma)  ;  and  these  two  kinds  of  growth 
are  often  associated  in  the  same  tumour.    Chondromata  are  rarely 
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homologous  in  the  strict  sense  (p.  6.9),  and  when  associated  with 
sarcomata  are  mahgnant. 

A  variety  of  chondroma  has  been  described  under  tlie  name  of 
osteo-chondromn,  which   in    structure    more    closely   resembles  bone 


Fig.  49. — Multiple  Chondroviata  of  Hand.  From  a  Child.  The  replace- 
ment of  considerable  portions  of  the  phalanges  and  metacarpal  bones 
by  a  mass  of  mingled  bony  and  cartilaginous  tissue  is  well  shown. 
(From  a  patient  of  Mr.  Clinton  Dent's.    Skiagram  by  Mr.  Swinton. 
5  nat.  size. ) 


than  cartilage.  It  consists  of  a  tissue  similar  to  that  met  with  betweeri 
the  periosteum  and  bone  in  rickets,  which,  from  its  resemblance  to 
osseous,  has  been  called  osteoid  tissue.  This  only  requires  calcifying 
to  become  true  bone.  Like  bone,  it  is  made  uj)  of  trabeculte  and 
medullary  spaces  ;  but  the  trabeculae,  instead  of  being  formed  of  bone- 
corpuscles  and  lamellae,  consist  of  small  angular  cells  without  a  capsule. 
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situated  in  an  obscurely  fibrillated  matrix,  which  in  ))art  is  calcified. 
The  medullary  spaces  contain  a  fibrous  stroma  and  many  blood-vessels. 
Osteo-chondromata,  althoiifrh  consisting  mainly  of  this  osteoid  tissue, 
contain  also  a  small  ijrojwrtion  of  cartilage.  They  originate  beneath 
the  periosteum,  their  common  seat  being  the  ends  of  the  long  bones. 
Their  growth  is  very  rapid,  and  they  often  attain  an  enormous  size. 
They  are  much  more  freely  sujijilied  with  blood-vessels  than  the 
ordinary  chondromata,  and  hence  they  are  much  less  frequently  the 
seats  of  retrogressive  changes.  They  are  especially  prone  to  become 
ossified,  and  to  be  thus  converted  into  true  bone. 

Chondromata  most  frequently  originate_/row  common  comieciive-lisxiic 
and  bone  (enchoiidromata),  and  only  rarch/  from  cartilage  (ecchondromala). 
About  three- foil rl/u-  of  them  start  in  connection  with  bones,  growing 
either  centrally  or  suh-jjcnosteally.  Their  favourite  seats  are  the  bones 
of  the  fingers  (Fig.  49)  and  toes,  the  lower  end  of  the  femur  and  the 
upper  ends  of  the  humerus  and  tibia.  Much  less  often,  the  ribs  and 
the  hip-bone  are  attacked.  Virchow  has  shown  that  islands  of  carti- 
lage not  uncommonly  remam  in  the  shafts  of  bones  ;  and  it  is  probable 
that  many  chondromata  spring  from  such  islands  (p.  74).  The 
tumours  generally  begin  before  the  ossification  of  the  epiphyses,  whilst 
the  bone  is  actively  growing  and  vascular.  Most  of  the  remaining  fotiiih 
occur,  in  combination  with  other  tissue-elements,  as  "  mixed  tumours  " 
in  the  parotid  and  testicle.  Cohnheim  suggests,  as  the  source  of  cartilage 
in  the  parotid,  an  aberrant  bit  of  the  rudiment  of  the  jaw ;  Virchow,  a 
piece  of  the  pinna.  In  the  testis  a  portion  of  the  rudiment  of  a 
vertebra  may  have  been  included.  The  inter-muscular  septa,  the  sub- 
cutaneous tissue  of  the  breast,  and  the  lungs,  are  occasional  seats. 

Chondromata  are  sometimes  seen  on  the  surface  of  the  articular 
cartilages,  in  the  larynx  and  trachea,  and  on  the  costal  and  inter- 
vertebral cartilages.  They  are  simply  local  overgi-owths  of  hyaline 
cartilage. 

Clinically,  chondromata  are  for  the  most  part  innocent  gro\vths. 
They  are  usually  single,  except  when  occurring  on  the  fingers  and  toes, 
in  which  situation  they  are  more  frequently  multiple.  The  central 
growths  of  the  phalanges  and  metacarpal  bones  occur  in  children,  or 
before  ossification  is  complete  :  the  graver,  subperiosteal,  forms  are 
commoner  later  on.    Chondromata  tend  to  stop  growing  at  pubertj-. 


OSTEOMA. 

Osteomata  are  tumours  consisting  of  bone,  eithei-  compact  or 
cancellous. 

Osteomata  are  the  result  of  the  ossification  of  newly  fanned  connec- 
tive-tissue, other  than  of  inflammatory  origin.  They  must  be  clearly 
distinguished  (1)  from  the  ii\m\Aii  ossijication  of  normally  existing  tissues^ 
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e.g.,  costal,  laryngeal,  or  bronchial  cartilages,  whole  muscles  (inyositu 
ossificans),  insertions  of  muscles  {liders  hone  in  the  adductor  longus 
tendon),  and  membranes  of  the  brain  ;  and  (2)  from  similar  ossi/icalion 
of  injlammatonj  tissue — such  as  nodes  or  general  thickenings  of  bones, 
the  sharp  stalactitic  })rocesses  which  may  grow  round  an  inflamed 
joint  or  on  tlie  surface  of  bone,  ajnd  the  smooth  round  prominences 
which  almost  encircle  a  joint  in  rheumatoid  arthritis.  They  must  be 
distinguished  also,  from  calcareous  deposits  in  which  there  is  no  bone 
formed  (p.  60). 

Osteomata  are  generally  divided  into  two  main  varieties — 1. 
Homologous  osteomata,  subdivided  into  exostoses  and  enostoses,  according 
as  they  project  (i)  from  the  surface,  or  (ii)  into  the  medullary  canal 
of  a  bone.     2.  Heterologous  osteomata. 

1.  Homologous  osteomata. — (1)  £a:o5teej  are  again  subdivided, 
according  to  the  density  of  the  bone  of  which  they  consist,  into  two 
kinds — (a)  the  compact,  ivory,  or  ehurnated;  (/3)  the  cancellous  or  spongy. 

(a)  The  compact  or  ivory  exostosis  grows  from  periosteum. 
It  occurs  most  frequently  on  the  external  and  internal  sui'faces  of  the 
skull  :  the  orbit  is  an  especially  favourite  seat.  It  is  also  met  with  on 
the  scapula,  pelvis,  and  on  the  upper  and  lower  jaws.  In  the  last- 
named  situation  it  may  grow  from  the  dental  periosteum.  An  osteoma 
growing  from  the  I'oot  of  a  tooth  is  known  as  a  dental  osteoma.  An 
odontoma  is  a  tumour  composed  of  dentine  :  it  may  grow  from  the 
root,  neck,  or  crown  of  a  tooth. 

Such  growths  are  smooth,  low,  rounded,  wide-based,  covered  by  the 
periosteum,  and  continuous  with  that  of  the  old  bone,  from  wliich  they 
grow.  On  section,  they  are  throughout  of  ivory-like  density,  and  they 
are  usually  well  defined  from  the  adjacent  tissue.  Microscopically, 
the  lamellae  are  aiTanged  concentrically  and  are  parallel  to  the  surface 
of  the  tumour ;  cancellous  tissue  is  absent,  and  Haversian  canals  are 
few  and  narrow.  Some  specimens  are  less  dense,  the  Haversian 
canals  being  as  numerous  as  in  ordinary  compact  bone,  but  less  regu- 
larly arranged. 

(/3)  The  spongy  or  cauliflower  exostosis  is  really  an  ossifying 
chondroma.  It  grows  from  cartilage,  usually  near  the  junction  of  an 
epiphysis  of  a  long  bone  with  the  shaft.  It  is  especially  common  at 
the  lower  end  of  the  femur,  and  at  the  upper  ends  of  the  tibia  and 
humerus.  Its  outline  is  less  regular  than  that  of  the  ivory  growths; 
but  it  is  prominent,  more  or  less  pedunculated,  and,  so  long  as  it  is 
growing,  covered  by  a  cap  of  cartilage.  When  this  cap  ossifies,  growth 
ceases  {osteophyte').  A  section  shows  that  the  mass  consists  of  spongy 
bone,  directly  continuous  Avith  the  cancellous  tissue  of  the  bone 
whence  it  springs,  and  surrounded  by  a  thin  layer  of  compact  bony 
tissue.  The  medullary  spaces  may  contain  embryonic,  fibrous,  or  fatty 
tissue. 
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(2)  The  enostosis  is  a  dense  bony  growtli  projecting  into  the 
nu'dullu,  iind  is  very  rare.  Osteoniata  sometimes  remain  imbedded  in 
the  eanoellous  tissue,  and  are  then  termed  central  odeomata. 

2.  Heterologous  osteomata  are  very  rare  as  j)rimary  growths. 
Tliey  liave  been  described  as  occurring  in  the  subcutaneous  tissue; 
but  Malherbe  has  shown  reason  for  beheving  that  such  growtlis  are 
really  sebaceous  adenomata  with  ossified  stroma  (p.  117).  Bony 
tumours  have  very  rarely  been  found  in  the  brain  and  cerebellum. 
Parts  of  fibromata,  lipomata,  and  chondromata  may  ossify.  The 
secondary  growths  of  ossifying  sarcomata  connected  with  bone  often 
ossify. 

The  commonest  secondary  change  is  injlavimalion.  Osteomata 
may  also  become  carioux  or  necrose.  The  last  change  is  most  likely  to 
occur  in  ivory  exostoses,  effecting  their  separation  and  cure. 

Osteomata  generally  originate  from  bone  (hotnologuiix),  commencing 
in  the  periosteum,  medulla,  or  persistent  i.slands  of  cartilage  ;  but  connec- 
i.ivc-tissiic  tumours,  apart  from  bone  (liclerologom-),  may  ossify. 

Clinically,  osteomata  are  perfectly  innocent  tumours.  Their 
growth  is  very  slow.  They  rarely  attain  a  large  size.  They  are 
often  hereditary  and  multiple,  in  wliich  case  they  usually  occur  in 
early  life.  Osseous  gi-owths  which  exhibit  malignant  characters  are 
either  sarcomata  or  chondro-sarcomata,  which  have  undergone 
partial  ossification.  From  these,  true  osteomata  must  be  carefully 
distinguished  (p.  105). 


SARCOMA. 

Sarcomata  are  tumours  consisting  of  tissue  resembling  some  stage 
in  the  development  of  any  of  the  connective-tissues.  In  the  central 
parts  of  some  of  these  tumoui's  the  structure  resembles  the  most  fully 
developed  of  these  tissues,  such  as  fibrous  tissue,  cartilage  or  bone. 
In  this  way  a  mixed  tumour  may  result. 

STRUCTURE. — Sarcomata  consist  of  cells  imbedded  in  inter- 
cellular substance. 

The  cells,  which  usually  constitute  almost  the  whole  of  the  growth, 
consist  for  the  most  part  of  simple  masses  of  nucleated  protoplasm, 
rarely  possessing  a  limiting  membrane.  There  are  three  principil 
varieties  of  cell — round,  spindle,  and  mtjeloid.  The  round  and  spindle 
cells  may  be  either  small  or  large.  The  myeloid  cells  are  much  larger 
than  the  others.  They  are  irregular  and  multinucleated,  varying 
both  in  size  and  in  the  number  and  size  of  the  contained  nuclei.  One 
cell  may  have  as  many  as  thirty  nuclei.    Though  in  any  given  tumour 
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one  form  of  cell  usually  predominates,  two  or  more  varieties  may 
frequently  be  associated. 

The  intercellular  substance  or  stroma  usually  exists  in  but 
small  quantity.  //  intervenes  between  all  celh  and  is  as  closely  cotmected 
with  them  as  in  ordinari/  connective-tissue.  These  points  are  often 
relied  upon  to  distinguish  certain  sarcomata  from  carcinomata,  but 
they  do  not  always  hold  good  (p.  108). 

The  stroma  may  be  fluid  and  homogeneous,  or  firm  and  granular, 
or  more  or  less  fibrous,  or  even  chondrified  and  ossified.  On  its  amount 
and  nature  the  consistence  of  the  growth  depends. 

The  blood-vessels  are  usually  very  numerous.  The  larger  lie  in 
the  stroma  which  supports  them;  the  smaller  are  usually  in  direct 


Fig.  50. — Small  portion  of  a  Muscle  near  Shoulder,  from  a  Case  of 
Sarcoma  of  the  Head  of  the  Humerus,  showing  passage  of  small 
round  cells  (probably  sarcomatous)  along  the  "lines  of  least  resist- 
ance," as  in  diffuse  inflammation.  Where  the  cells  are  thickest  the 
muscle-fibres  are  obscured  or  have  disappeared.  (Boyd.) 

contact  with  the  cells.  Their  distribution  is  very  irregulai*,  and  their 
walls  are  often  formed  by  nothing  but  the  cells  of  the  tumour,  though 
a  single  layer  of  endothelial  cells  may  separate  the  blood  from  the 
cells.  Hence,  on  the  one  hand,  the  ease  with  which  portions  of  the 
tumour  are  carried  away  in  the  blood-stream  and  the  tumour  thus 
genei'alised ;  and,  on  the  othei-,  the  frequency  with  which  the  vessels 
rupture  and  permit  extravasation  of  blood  into  the  substance  of  the 
growth.    Lymphatics  are  unknown. 

An  examination  of  the  growing  border  usually  shows  a  great  excess 
of  small  round  cells  over  all  other  forms.  These  cells  extend  along  the 
connective-tissue  in  all  directions,  and  force  themselves  between  the 
essential  elements  of  muscles,  glands,  and  any  adjacent  organs,  while 
these  elements  themselves  become  pale,  undergo  atrophy,  and  finally 
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disappear  (Fig.  50).  In  tlie  invaded  connective-tissue  many  cell-forms 
are  seen,  which  may  possibly  indicate  multiplication  of  the  fixed  cells  : 
it  is  not  known  whether  such  cells  hel))  to  form  the  tun)our. 

In  the  ordinary  cxaniination  of  a  sarcoma,  the  aj)j)earances  in  the 
growing  edge  should  not  be  relied  upon,  on  account  of  the  predomin- 
ance in  that  ])art  of  small  round  cells  over  those  most  characteristic 
of  the  tumour. 

Physical  Characters. — Portions  of  sarcomata  which  have  under- 
gone no  secondary  changes  are  soft,  semi-translucent,  and  grey  or 
pinkish-grey.  These  appearances  are  best  seen  near  the  circumference 
of  the  growth,  where  the  zone  of  actively  growing  cells  may  be  narrow. 
The  diagnosis — even  with  the  microscope — between  a  sarcoma,  espe- 
cially a  fibro-sarcoma,  and  the  different  forms  of  simple  connective- 
tissue  tumours  may  be  exceedingly  difficult.  This  is  due  to  the 
higher  development  of  the  central  parts  of  the  sarcoma  into  one  or 
other  variety  of  fully  formed  connective-tissue.  Degenerative  processes, 
such  as  fatty  degeneration,  and  especially  haemorrhage,  may  greatly 
interfere  with  the  usual  appearances  :  the  occurrence  of  haemorrhage 
may  convert  a  solid  tumour  into  a  blood-cyst  with  a  scarcely  recog- 
nisable wall. 

As  a  rule,  the  growing  edge  is  ill-defined,  there  being  no  sharp  line 
of  demarcation  between  the  tumour  and  the  adjacent  parts ;  but 
sometimes  a  slowly  growing  sarcoma  may  acquire  a  capsule  b}^  stretching 
around  itself  the  connective-tissue  of  the  organ  in  -which  it  originates. 

Secondary  Changes. — The  most  important  of  these  is  fatly 
degeneration.  This  always  occurs  to  a  greater  or  less  extent  in  the 
older  portions  of  the  growth,  causing  either  softening  or  the  produc- 
tion of  cyst-like  cavities.  It  is  frequently  associated  mth  rupture  of 
the  blood-vessels  and  licemorrhage ;  the  latter  may  give  rise  to  the 
formation  of  blood-cysts.  Calcification  (Fig.  58,  p.  105),  ossification 
(Fig.  59,  p.  106),  and  mucoid  degeneration  are  less  common.  The 
occurrence  of  calcification,  ossification,  and  pigmentation  is  influenced 
by  the  predisposition  of  the  matrix  from  which  the  growth  is  pro- 
duced— thus,  calcification  and  ossification  are  more  prone  to  occur  in 
tumours  origmating  in  connection  with  bone,  pigmentation  in  those 
originating  from  the  cutis  or  eyeball. 

Varieties. — Though  all  sarcomata  possess  the  same  general  cha- 
racters, they  present  histological  and  clinical  differences  which  serve 
as  bases  for  their  classification. 

The  principal  features  which  are  thus  utilised  are  (l)  the  pre- 
dominant form  of  cell  ;  (2)  the  nature  of  the  intercellular  substance  ; 
and  (3)  the  secondary  changes  to  which  the  growths  are  liable. 
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(1)  The  predominant  form  of  cell  enables  us  to  distinguish  four 
groups  :  the  round-celled,  the  sjnndle-celled,  tlie  mixed-celled,  in  which 
no  one  form  predominates,  and  the  myeloid-celled.  Strictly  speaking, 
this  last  group  is  one  of  mixed-celled  sarcomata,  but  though  the 
myeloid  cells  can  never  be  said  to  predominate,  they  are  frequently 
so  numerous  as  to  be  the  most  striking  objects  in  the  field,  when 
the  growth  is  examined  microscopically  (p.  107). 

(2)  The  siroma  may  be  mucous,  fibrous,  cartilaginous  or  bony  ; 
hence  we  may  have  a  myxosarcoma,  fibrosarcoma,  chondrosarcoma, 
and  osteosarcoma. 

(3)  The  secondary  changes,  which  sarcomata  undergo,  serve  to  dis- 
tinguish differing  forms,  inasmuch  as  the  peculiarities  are  reproduced 
in  the  secondary  growths.  The  chief  of  these  are :  melanosarcoma, 
characterised  by  the  development  of  black  pigment,  and  chloroma, 
a  verjr  rare  form,  with  green  pigment ;  liposarcoma,  in  which  the 
cells  undergo  fatty  accumulation ;  and  calcifying  sarcoma,  in  which 
calcareous  infiltration  is  marked. 

Mode  of  Growth  and  Seats. — Sarcomata  always  spring  from 
connective-tissue,  and  may  occur  wherever  connective-tissue  is  present 
It  is  doubtful  whether  they  start  from  adult  tissue  or  from  some 
embryonic  remnant.  Congenital  warts  and  pigment-spots  often  serve 
in  later  life  as  their  starting-points  (]).  75).  The  skin  and  subcutaneous 
tissue,  fasciae,  periosteum,  medulla  of  bone,  and  lymphatic  glands,  are 
the  commonest  seats  of  sarcomata. 

Clinical  Characters.  —  Sarcomata  occur  most  frequently  in 
early  and  middle  life,  and  are  among  the  most  malignant  of  new 
formations.  They  are  especially  characterised  by  their  great  ten- 
dency to  extend  locally  and  to  infiltrate  the  surrounding  structures, 
so  that  they  are  exceedingly  prone  to  recur  in  loco  after  removal. 
Butlin  has  shown  that  sarcomata  of  certain  parts  almost  always  affect 
lymphatic  glands  at  an  early  stage — viz.,  sarcomata  of  the  testis,  tonsil, 
lymphatic  glands,  and  some  fasciae.  Those  of  most  other  parts  show 
no  tendency  to  affect  lymjihatic  glands  at  all  ;  so  that,  on  the  whole, 
sarcomata  present  a  contrast  to  cancers  in  this  respect.  Like  cancers 
they  are  very  liable  to  become  generalised.  The  secondary  growths 
occur  most  frequently  in  the  lungs.  The  dissemination  is  effected 
means  of  the  bloodstream,  and  is  a  natural  result  of  the  thinness  of  the 
vessel-walls  (p.  97).  The  dissemination  of  •  sarcomata  is,  on  this 
account,  sometimes  more  rapid  than  that  of  carcinomata,  in  which 
extension  in  the  early  stage  takes  jjlace  by  the  lymphatics,  and  dis- 
semination by  the  blood  occurs  later  in  the  disease.  Secondary 
sarcomata  usually  resemble  the  piimary  growth,  but  in  exceptional 
cases  the  several  varieties  may  replace  one  another. 
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It  has  already  Ixcii  pointed  out  that  the  different  varieties  of 
sarcoma  jjossess  very  different  degrees  of  malignancy.  As  a  rule,  the 
softer  and  more  vascular  the  tumour,  and  the  less  its  tendency  to  form 
fully  develoj)ed  connective-tissue,  the  greater  is  its  malignancy.  The 
soft  i-ound-celled  and  large  spindle-celled  varieties  are  thus  usually 
much  more  malignant  than  the  firmer,  small  spindle-celled  gro\iths. 
Many  small  spindle-celled  tumours,  after  removal,  never  recur ;  whilst 
others  recur  locally  several  times,  and  only  ultimately  reproduce  them- 
selves in  distant  parts.  As  a  rule,  largeness  of  the  spindle-cells,  and 
the  existence  in  many  of  them  of  more  than  one  nucleus,  are  together 
evidence  of  special  malignancy.  Central  sarcomata  of  bone  are  mucli 
less  malignant  than  the  subperiosteal  varieties ;  the  latter,  with 
sai'comata  of  the  tonsil  and  testis,  and  melanotic  sarcoma  of  the  skui, 
being  amongst  the  most  malignant  of  tumours.  The  presence  of  a 
capsule  limiting  the  growth  must  also  be  taken  into  account  in 
judging  of  the  degree  of  its  malignancy.  It  must,  however,  be  borne 
in  mind  that  encapsuled  sarcomata  may  invade  the  surrounding  struc- 
tures, giving  rise  to  adjacent,  but  discontinuous,  nodules.  The  myeloid 
growths  are  the  least  malignant ;  they  may  in  exceptional  cases  give 
rise  to  secondary  growths  in  internal  organs,  but  "  complete  "  removal 
gives  a  very  good  chance  of  non-recurrence.  This  result  sometimes 
occurs  with  growths  having  every  appearance  of  malignancy. 

According  to  Cohnheim,  the  very  varying  malignancy  of  sarco- 
matous tumours  goes  far  in  proving  the  necessity  for  that  diminished 
physiological  resistance  already  alluded  to  (p.  77). 


Round-Celled  Sarcomata. 


These  are  of  softer  consistence  than  the  spindle-celled  growths,  and 

from  their  frequent  resemblance  in  physical 
characters  to  encephaloid  carcinoma,  are 
sometimes  known  as  "medullary,"  "en- 
cephaloid," or  "soft"  sarcomata.  Histo- 
logically, they  resemble  embrj^onic  tissue, 
consisting  mainly  of  round  cells  imbedded 
in  a  scanty  and  usually  soft,  homogeneous, 
or  finely  granular  intercellular  substance 
(Fig.  51).  The  cells  usually  resemble  those 
met  with  in  the  most  elementary  em- 
bryonic tissue ;  less  frequently  tiiey  are 
bigger,  and  contain  large  round  or  oval 
nuclei,  with  bright  nucleoli.  There  is  an 
almost  complete  absence  of  fusiform  cells, 
and  of  the  partial  fibrillation  which  is  so  frequent  in  the  more  higlily 
developed  spindle-celled  variety. 


Kic.  51. — Round-celled  Sarcoma 
of  the  Liver,     x  400. 


ROUND-CELLED  SARCOMATA 


101 


Round-celled  sui'comataave  of  a  uniformly  soft^  brain-like  consistence, 
somewhat  translucent  or  opaque,  and  of  a  greyisli  or  reddish-white 
colour.  On  scraping  the  cut  surftice,  they  yield  a  juice  which  is 
rich  in  cells.  They  are  exceedingly  vascular :  the  vessels  are  often 
dilated  and  varicose,  and,  from  their  liability  to  rupture,  frequently 
give,  rise  to  ecchymoses  and  to  the  formation  of  blood-cysts.  The 


Fig.  52, — Lymphosarcoma  of  the  MediasHnum,  showing  cells,  reti- 
culum, and  blood-vessels.  The  walls  of  the  latter  are  formed  prin- 
cipally of  sarcoma-cells,     x  400. 

tumours  gi'ow  fi'om  the  cutis,  the  subcutaneous  cellular  tissue,  the 
periosteum,  the  fasciae,  and  the  connective-tissue  of  organs.  They 
extend  rapidly  by  peripheral  growth,  infiltrate  the  surrounding  struc- 
tures, reproduce  themselves  in  internal  organs,  and  often  involve  the 
lymphatic  glands.  From  their  clinical 
and  physical  characters  these  tumours 
are  very  liable  to  be  confounded  with 
encephaloid  cancer :  they  are  distin- 
guished to  some  extent  by  the  characters 
of  then-  cells,  but  principally  by  the  ab- 
sence of  an  alveolar  stroma,  and  by  the 
penetration  of  the  intercellular  substance 
between  the  individual  cells. 

Lympho  -  Sarcoma.  —  This  is  a 
round-celled  sarcoma,  in  which  the  matrix 
has  developed  into  a  more  or  less  per- 
fect reticulum,  like  that  of  lymphoid  tissue 
(Fig.  52).  It  may  begin  in  lymphatic  glands,  or  in  connective-tissue 
anywhere,  and  is  a  common  form  of  mediastinal  growth.  It  is  distin- 
guished from  lymphadenoma  by  its  more  rapid  course,  by  the  forma- 


FlG.  53. — Lymfho-Sarcoma.  Sec- 
tion of  a  mediastinal  gi-owth, 
showing  a  very  thickened  reticu- 
lum, within  the  meshes  of  which 
the  lymphoid-cells  ai-e  grouped. 
X  200. 
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tion  of  secondary  growths  by  embolisin,  and  by  the  absence,  wlien 
the  lymphatic  glands  are  involved,  of  the  typical  distribution  of  follicles 
and  stroma.  Occasionally  the  growth  is  slower  and  the  reticulum 
more  developed  (Fig.  53). 

Alveolar  Sarcoma. — This  is  a  somewhat  rare  form  of  round- 
celled  sarcoma  which  was  first  described  by  Billroth.  The  cells,  which 
ai-e  large,  sharjjly  defined,  and  round  or  oval  in  shape,  contain  round 
prominent  nuclei,  and  are  separated  from  each  other  by  a  more  or  less 

marked  fibrous  stroma.  In  some  parts  this 
stroma  forms  small  alveoli  within  which  the 
cells  are  grouped,  but  careful  examination  will 
always  show  that  in  most  parts  of  the  section 
the  stroma  really  penetrates  between  the  indi- 
vidual cells.  This  last-named  character,  together 
with  the  nature  of  the  tissue  from  which  they 
arise,  sei'ves  to  distinguish  these  tumours  from 

^  the  cancers,  with  which,  in  many  cases,  they 

Fig.         Alveolar Sarcovm.  .,    ,  ,    i  rr.. 

From  a  tumour  of  the  ^^^^^y      confounded.    The  accompanymg 

skin.    X  200.  dramng  shows   then-   microscopic  characters 

(Fig.  54).  The  stroma  is  often  much  more 
delicate,  and  the  cell-masses  are  occasionally  much  larger  than  in  the 
drawing.  The  cells  are  generally  m  close  connection  A\-ith  the  stroma, 
though  vessels  never  pass  in  among  them.  In  this  latter  respect  they 
resemble  epithelial  growths.  Ziegler  considers  that  the  alveolar  struc- 
ture may  be  due  to  the  transformation  of  normal  intervascular  tissue 
into  sarcoma-cells,  whilst  the  vessels  with  the  neighbourmg  connective- 
tissue  remain  as  septa. 

Alveolar  sarcomata  are  met  with  principally  in  the  skin,  bones,  and 
muscles.  In  the  skm,  where  they  are  often  multiple,  they  lead  to 
ulceration.  They  tend  to  recur  locally,  and  also  to  reproduce  them- 
selves in  internal  organs. 


Spindle-Celled  Sarcomata. 

These  tumours,  which  include  the  gi'owtlis  described  by  Paget  in 
this  country  as  "  fibro-plastic  "  and  "  recurrent  fibroid,"  are  the  most 
common  of  all  sarcomata.  They  consist  of  cells,  mainly  spindle-shaped 
and  fusiform,  separated  by  only  a  little  homogeneous  or  slightly  fibril- 
lated  intercellular  substance,  and  often  forming  whorls  roimd  the 
vessels.  The  cells  contain  well-marked  oval  nuclei,  with  one  or  more 
nucleoli.  They  are  arranged  in  bundles  which  pass  in  all  directions 
through  the  growth,  and  often  give  it  the  appearance  of  a  fibroma  or 
myoma.  In  those  portions  of  the  section  in  which  the  bundles  of 
spindle-elements  have  been  cut  transversely  or  obliquely,  they  present 
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the  appearance  of  round  or  oval  cells.  The  cells  vary  considerabl}'  in 
size  in  different  tumours,  hence  the  division  into  small  and  large 
spindle-celled  growths. 

Small  Spindle-celled  Sarcoma. — In  these  the  cells  are  small, 
often  not  more  than  j-  =^g^inch  in  length,  and  the  intercellular  substance 
is  occasionally  imperfectly  fibrillated  (Fig.  55). 
These  growths  are  therefore  somewhat  similar 
to  fibromata,  and  histologically  they  must  be 
regarded  as  occupying  an  intermediate  place  be- 
tween embiyonic  and  fully  developed  connective- 
tissue.  They  grow  from  periosteum,  fasciae,  and 
connective-tissue  in  other  parts.  They  are  usually 

firm  and  whitish  or  pinkish-white,  and  present  on  ^^O- SS--S^nall  Spindle- 

celled  Sarcoma.  From 

section  a  translucent  somewhat  nbrillated  appear-     ^  tumour  of  the  leg. 
ance.    They  are  much  more  frequently  encap-      x  200. 
suled  than  any  other  variety  of  sarcoma,  but  they 

are  very  liable  to  infiltrate  the  surrounding  structures,  and  to  recur 
locally  after  removal. 

Large  Spindle-celled  Sarcoma. — The  cells  in  these  tumours 
are  not  only  larger  than  in  the  preceding,  they  are  also  plumper,  and 
both  nuclei  and  nucleoli  are  especially  prominent  and  frequently 
multiple  (Fig.  56).  The  intercellular  substance  is  more  scanty,  and 
there  is  a  complete  absence  of  any  fibrillation.    These  growths  are 


Fig.  56. — Large  Spindle-celled  Sarcoma,     x  400. 


much  softer  in  consistence  than  the  small-celled  variety.  They  are  oi 
a  pinkish-white  colour,  and  are  often  stained  by  extravasations  ot 
blood,  and  m  parts  are  sometimes  almost  diffluent  from  extensive  fatty 
degeneration.  They  grow  rapidly,  and  are  usually  exceedingly  malig- 
nant.   They  occasionally  give  rise  to  blood-cysts. 

Melanotic  Sarcoma. — This  is  a  variety  of  sarcoma  in  which 
many  of  the  cells  contain  granules  of  melanin  (p.  65),  quite  distmct 
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from  tlie  i)if,nnent  of  extravusated  blood.  The  greater  number  of 
melanotic  tumours  are  probabl}'  sarcomata. 

Melanotic  sarcomata  originate  jjrincipally  in  two  situations— in  the 
pigmented  tissues  of  the  eye  and  in  the  superficial  integuments.  In 
both  these  situations  pigment  is  a  normal  constituent  of  the  tissues, 
and  this  tendency  of  iiigmented  structures  to  give  origin  to  melanotic 
growths  is  exceedingly  characteristic.  These  tumours  usually  consist 
of  s])indle-shaped  cells  (Fig.  57),  and  hence  they  are  described  in  the 
present  section;  but  in  some  cases  the  prevailing  type  of  cell  is  round 


Fig.  57. — A  Melanotic  Sarcoma  of  the  Penis. 

A.  Section  showing  the  general  arrangement  of  the  elements,     x  200. 

B.  Section  from  the  peripheral  part  of  the  growth,  showing  the  "  in- 

different cells,"  amongst  which  are  small  isolated  pigmented  elements. 
At  a,  a  blood-vessel  is  seen,     x  200. 

C.  Some  of  the  elements  separated  by  teasing.    In  these  the  pigment- 

granules  are  well  seen,    x  400. 

or  oval.  The  pigment,  which  gives  to  them  then-  distinctive  character, 
consists  of  granules  of  a  brownish  or  dark  sepia  colour.  These  are 
mainly  distributed  within  the  cells  (Fig.  57,  c),  but  are  also  found  in 
the  intercellular  substance.  Frequently,  only  a  verj-  small  proportion 
of  the  cells  is  pigmented,  whilst  in  other  instances  the  pigmentation 
is  much  more  universal.  In  all  cases,  a  large  number  of  the  elements 
will  be  found  to  be  quite  free  from  pigment. 

These  melanotic  tumours  are  amongst  the  most  malignant  of  the 
sarcomatous  growths.  Although  they  show  comparatively  little  ten- 
dency to  extend  locally,  they  are  rapidly  disseminated  by  means  of 
the  blood-vesseLs,  and  occasionally  also  by  the  lymphatics :  they  thus 
reproduce  themselves,  often  very  rapidly,  in  distant  tissues.  Although 
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the  secondary  growths  ahnost  invariably  maintain  their  melanotic 
character,  the  degree  of  their  pigmentation  varies  considerably.  Whilst 
many  of  them  may  be  jDcrfectly  black  in  colour,  others  may  be  much 
paler — perhaps  only  streaked  with  jjigment.  The  secondary  growths 
are  soft,  usually  distinctly  circumscribed,  and  often  encapsuled.  They 
may  occur  in  almost  every  organ  of  the  body — the  liver,  the  spleen,  the 
kidneys,  the  lungs,  the  heart,  the  brain  and  spinal  cord,  and  also  the 
l}Tnphatic  glands  and  subcutaneous  tissue,  may  all  be  simultaneously 
involved.  When  occurring  in  internal  organs,  the  pigmentation  is  not 
always  limited  to  the  secondary  nodules,  but  many  of  the  cells  proper 
to  the  organ  itself  are  filled  with  granules  of  similar  jiigment,  which 
is  most  abundant  in  the  cells  immediately  adjacent  to  the  new  gi'owths. 
This  pigmentation  of  the  cells  of  the  organ  often  extends  for  some 
distance  beyond  the  confines  of  the  tmnour.  Melanin  or  its  chromogen 
is  generally  present  in  the  urine. 

Osteo-Sarcoma. — This  is  a  variety  of  sarcoma  in  which  the 
growth  (usually  spindle-celled)  is  either  more  or  less  calcified,  or 
partially  converted  into  true  bone.  As  a  primary  growth  it  is  met 
Avith  almost  exclusively  in  connection  with  bone,  growing  either  from 
the  jDeriosteum  or  the  medulla ;  but  the  osteoid  characters  are  usually 
reproduced  in  secondary  tumours  occurring  in  the  lungs  and  other 
parts. 


Fig.  58. — Calcifying  Sarcoma.    From  a  secondary  tumour  of  the  lung. 
Showing  the  calcification  of  a  spindle-celled  growth.     x  200. 

Calcification  is  much  more  common  than  true  ossification.  Each  of 
these  processes  may  occur  separately,  but  they  are  often  combined. 
Bands  and  patches  of  granular  appearance,  in  which  the  outlines  of 
cells  may  still  be  visible,  or  in  which  all  structure  has  disappeared, 
and  which  stain  but  slightly,  show  where  calcification  has  occurred 
(Fig.  .58).  In  other  parts,  especially  near  the  bone,  spicules  having  the 
structure  of  more  or  less  perfect  bone — Haversian  canals,  lacuna;,  and 
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imperfect  canalieiili— will  be  seen  peiutrating  tlie  growth  (Fig.  59). 
The  spicules  are  generally  vertical  to  tiie  surface  of  tlie  bone.  In  some 
cases  a  skeleton  of  bony  spines  radiates  from  tlie  bone  through  the 
growth. 

Both  calcification  and  ossification  may  be  very  complete,  but  a  tidn 
margin  of  mrcoma-llimc  is  alwaijs  prcxciil.  This  distinguishes  the  growth 
from  a  simple  osteoma  which  has  cartilage  or  periosteum  on  its  surface, 
and  is  of  much  slower  growth. 


Fig.  59. — Ossifying  Sarcoma  of  Lower  Jaw.  s,  sarcoma-tissue;  b,  new 
bone,  growing  from  jaw,  of  wliicli  tlie  structure  is  fairly  typical ; 
p,  point  of  commencing  ossification.  Only  nuclei  of  cells  are 
indicated  ;  close  to  the  bone  the  stroma  is  very  -fibrous,  x  40. 
(Boyd.) 


Myeloid  Sarcoma. 

These  sarcomata,  also  known  as  myeloid  tumours  or  jnyelomata,  are 
allied  to  the  spindle-celled  sarcomata.  They  possess,  however,  certain 
liistological  pecuhai-ities  which  probably  depend  upon  the  characters 
of  the  tissue  from  which  they  grow.  They  contain  many  of  the  large 
multinucleated  cellsj  known  as  "myeloid  cells" — which J]resemble 
the  cells  of  the  medulla  of  bone  in  a  state  of  excessive  nutritive 
activity — together  with  numerous  fusiform  cells  like  those  met  with 
in  the  spindle-celled  varieties.  There  are  also  some  smaller  round  and 
oval  elements.  The  large  myeloid  cells  which  give  to  these  tumours 
their  distinctive  characters  are  usually  much  more  numerous  in  those 
growths  which  originate  in  the  medullar}-  cavity  than  in  those  which 
spring  from  the  periosteum.  These  various  fonns  of  cells  are  almost 
in  contact,  there  being  very  little  intercellular  substance  (Fig.  60). 
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The  growths  are  sometimes  so  vascular  as  to  give  rise  to  distinct  pulsa- 
tion.   They  often  contain  cysts. 

Myeloid  tumours  almost  always  grow  in  connection  with  bone,  the 
ends  of  the  long  bones  being  their  favourite  seat :  they  most  frequently 
originate  in  the  medullary  cavity  of  the  long  bones.  They  are  also 
frequently  met  with  springing  from  the  periosteum  of  the  upper  and 
lower  alveolar  processes,  where  they  constitute  one  form  of  epulii. 
VVlien  originating  within  the  medullaiy  cavity,  the  compact  tissue 
of  the  bone  becomes  "expanded"  over  them,  and  they  thus  often 


Fig.  6o. — Myeloid  Sarcoma  of  the  Jaw.  a,  a',  a" ,  myeloid  cells  ;  b,  b, 
spindle-cells  cut  transversely  ;  c,  c,  spindle-cells  cut  obliquely  ;  d,  d, 
spindle-cells,     x  400. 

communicate  to  the  fingers,  during  examination,  the  peculiar  sensation 
known  to  surgeons  as  "  eggshell  crackling."  True  exjjansion  of  bone 
is,  of  course,  impossible  ;  really,  the  old  bone  is  absorbed  from  witliin 
by  the  tumour,  and  the  periosteum  lays  down  new  bone  on  the  surface ; 
absorption  is  more  rapid  than  new  formation,  and  the  thin  surface  layer 
of  bone  yields  and  crackles  under  pressure,  or  is  actually  wanting  at 
spots  where  pulsation  is  marked. 

These  tumours  are  for  the  most  pai-t  of  firmer  consistence  than  the 
other  varieties  of  sarcoma.  Many  of  them  are  firm  and  fleshy  ;  others 
are  softer,  more  resembling  gelatin-size.  They  are  not  pulpy  and 
grumous  like  the  soft  sarcomata,  neither  do  they  present  the  fascicu- 


108 


TUMOURS 


lated  api)earance  of  the  spindle-celled  varieties.  Their  out  surface  has 
a  uniform  succulent  ajjjjearance,  often  mottled  with  ])atches  of  red. 
This  red-brown  or  maroon  colour  varies  with  the  number  of  giant-cells 
presentj  and  is  very  characteristic.  The  tumours  are  often  encaj)suled 
by  the  jjeriosteal  covering  of  the  bone  from  whicli  they  grow.  They 
are  rare  after  middle  life,  and  very  rarely  give  rise  to  secondary 
gi'owths.  Tjiey  are  the  least  malignant  of  all  sarcomata,  and  by  some 
authorities  are  classed  among  the  innocent  growths  as  tumours  of  the 
medulla  of  bone  or  mydomnla. 

When  occurring  in  other  connective-tissues,  these  sarcomabi  are 
generally  found  where  congenital  defects  are  common  ;  and  the  myeloid 
cells  and  even  cai-tilage  (Waring),  which  they  may  then  contain,  are, 
therefore,  probably  due  to  the  inclusion  of  some  misplaced  rudiment. 

Small  multiple  myeloid  sarcomata  are  occasionally  found  as 
primaiy  tumours  in  bone  and  other  connective-tissues.  In  bone,  the 
tumours  grow  from  the  medulla,  invade  the  bony  tissue,  and  exjiand 
the  jjeriosteum.  The  affected  bones  soften,  and  in  their  subsequent 
changes  simulate  the  condition  met  with  in  osteo-malacia.  In  these 
cases  alburaose  is  said  to  be  2:)resent  in  the  urine.  These  tumours 
are  more  malignant  than  the  single  myeloid  sarcomata  previouslj' 
described. 

Angio-Sarcoma. 

Angio-sarcomata  are  round-celled,  or  less  commonly  spindle-celled, 
growths  in  wliich  the  vessels  are  so  numerous  and  so  large  that  in 
many  cases  the  tumour  appears  to  be  made  up  of  islets  of  sarcoma- 
cells  surrounded  by  a  single  layer  of  flattened  spindle-cells,  and  sejja- 
rated  fi'om  one  another  by  lai'ger  or  smaller  spaces  containing  blood. 

Perithelial  Sarcoma. 

Perithelial  sarcomata  are  growths  consisting  of  parallel  columns  or 
globes  {cylindromci),  each  of  which  is  composed  of  a  large  central 
capillary  vessel  and  three  or  four  concentric  layers  of  cells,  probably 
derived  from  the  adventitia  of  the  central  vessel.  These  columns  are 
connected  by  myxomatous  or  sarcomatous  tissue.  The  cells  forming 
the  columns  often  undergo  mucoid  changes.  Ziegler,  to  emphasise 
the  large  size  and  number  of  the  vessels  and  the  general  character  of 
the  tissue  around  them,  has  suggested  the  name  Angio-sarcoma 
mi/xomatodes. 

Endothelioma. 

Endotheliomata  are  growths  sometimes  found  arising  from  the 
endothelial  lining  of  serous  membranes  and  consisting  of  large,  oval 
or  angular  cells  contained  in  well-defined  alveoli.    These  tumours  are 
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precisely  similar  in  structure  to  carcinomata,  and  tlieir  orisrin  fro 

a  mesoblastic  tissue  is  the  onl^^  reason  for  grouping  tliem  und^ 
sarcomata. 


PAPILLOMA. 

Papillomata  are  new  formations  resembling  in  structure  enlarged 
papillas. 

They  consist  of  a  basis  of  connective-tissue  which  sends  towards 
the  surface  numerous  pajjillary  processes,  eacli  sup])orting  blood-vessels 
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which  end  in  a  capillarv  network  or  single  loop,  the  whole  being 
enveloped  in  a  covering  of  epithelium.  The  jiajnlla-  may  be  short  and 
simple,  as  in  an  ordinary  waH  (Fig.  62)  ;  or  they  may  be  long,  delicate, 
branching  —  giving  off  secondary  and  tertiary  offsets  —  and  very 
numerous,  us  in  ri/loii.s-  linntmrx.  The  covering  ei)ithelium  in  skin- 
growths  is  thick,  hard,  and  stratified,  and  may  actually  bind  the 
pa]5illa;  into  a  solid  mass  ;  but  on  mucous  membranes  the  slender 
vascular  jjrocesses  are  covered  by  a  small  amount  of  delicate  ej)ithe- 


FiG.  62, — Sec/ion  of  Wart  on  Skin,    a,  epithelium;  b,  connective- 
tissue,  continuous  with  epidermis  and  cutis  respectively,     x  18. 

Hum,  and  in  consequence  they  are  easily  lacerable  (Fig.  61).  Papillo- 
mata  on  serous  membranes  may  be  covered  by  a  single  layer  of  endo- 
thelial cells. 

Hcemorrhage  and  ulceration  resulting  from  injury  can  hardly  be 
classed  as  secondary  changes.  The  only  important- change  is  the 
j)ossible  conversion  of  a  papilloma  into  an  epithelioma.  In  a  wart  all  the 
ejnthelium  is  on  the  surface,  no  matter  how  irregular  that  surface  may 
be.  As  soon  as  the  epitlielium  begins  to  invade  the  tissues  beneaih  it, 
the  wart  has  become  a  cancer.  Pigmented  warts  not  uncommonly 
form  on  the  face  in  old  age,  and,  especially  if  frequently  irritated,  may 
become  epithelioniatous. 

Four  varieties  can  be  readily  distinguislied  : — 

] .  The  ordinary  skin-wart  with  its  covering  of  hard  squamous 
epideiinis.    Condylomata  and  \'enereal  warts,  due  to  the  irritiition  of 
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the  secretions  of  soft  sores  or  gonorrhoea,  deserve  special  mention. 
These,  though  covered  by  squamous  epithelium,  are  much  softer,  more 
vascular,  and  more  luxuriant  in  growth  than  the  ordinary  skin-wai-t. 
They  affect  warm,  moist  parts. 

2.  The  soft  warts  and  villous  tumours  of  all  mucous  surfaces. 
These  are  usually  characterised '  by  long  delicate  compound  pajjillae. 


Fig.  63. —  Villous  Tumour  of  Bladder,    a,  d^,  cfi,  papillee  ;  i^,  normal 
mucous  membrane.    Reduced  J. 

The  tongue,  cheek,  larynx,  and  bladder  are  the  parts  most  often 
affected.  The  papillary  enlargements  of  the  synovial  villi,  which  are 
common  in  chronic  arthritis,  may  be  included  in  this  gi-oup. 

3.  Corns. — These  commence  as  papillomata  ;  but,  as  the  epidermis 
thickens  and  is  pressed  by  the  boot  into  the  soft  parts,  the  papillae 
ultimately  atrophy. 

4.  Horns  some  inches  long  occasionally  spring  from  the  skin. 
These  consist  of  epithelium  and  sebaceous  secretion,  and  originate 
from  sebaceous  follicles  or  from  a  sebaceous  cyst.  It  is  said  that  long 
papillae  project  into  their  bases,  so  that  they  seem  to  be  allied  to 
warts.  The  base  must  be  removed  with  the  horn,  or  the  latter  wil 
recur. 

To  the  naked  eye,  the  ordinary  wart  is  a  hard,  abruptly  elevated 
httle  mass,  apparently  formed  of  epithelium.  It  presents  an  irregular 
("  warty  ")  surface,  often  divided  by  deep  fissures  (Fig.  62).    If  the 
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investiiif"-  epitluliuni  be  abmidant,  or  the  pajjilla'  be  very  short,  a 
rounded  mass,  havinf>-  a  merely  furrowed  surface,  results  ;  but  as  the 


Fig.  64. — Diict-Papilloma  of  Breast  from  one  of  the  larger  Duds  of  the 
Breast.  The  new  growth,  which  consists  of  a  fibrous  stroma 
penetrated  by  channels  hned  with  a  single  layer  of  epithelium,  has 
nowhere  extended  beneath  the  surface  of  the  lumen  of  the  duct  it 
distends,  and  from  which  it  grows,    x  20. 

(Specimen  by  Dr.  RoUeston. ) 

papillae  lengthen  and  the  epithelium  thins,  the  growth  presents  first  a 
cauliflower,  then  a  branched,  and  finally  a  villous  appearance.  The 
latter  appearance  is  best  seen  on  ])lacing  a  "  villous  tumour  "  of  the 
bladder  in  water  when  the  long  delicate  papillas  float  up  (Fig.  63). 
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They  .irc  exceedingly  vascular.  If  a  section  of  a  jiajjillonia  be  made, 
the  relation  between  stroma  and  epithelium,  above  described,  can  be 
seen,  even  with  the  naked  eye  (Fig.  62). 

Papilloniata  originate  from  skin,  from  mucous,  serous,  and  sijiio- 
rial  membranes,  and  from  the  ducts  of  glands  (Fig.  63).  They  most 
frequently  grow  from  pre-existing  papillaj ;  sometimes,  however, 
tliey  occur  where  no  papillfe  exist,  springing  directly  from  the  sub- 
epithelial connective-tissue  :  this  is  the  case  in  the  stomach  and  larynx. 
As  all  new  growths  on  free  surfaces  tend  to  become  "  papillary," 
this  form  of  tumour  is  probably  the  result  of  physical  conditions. 
According  to  this  view,  a  wart  is  simply  a  fibroma  become  papillary 
by  an  accident  of  position,  and  papillomata  as  a  class  should  therefore 
disappear. 

Clinically,  warts,  so  long  as  they  remain  warts,  are  quite  innocent. 
They  are  common  in  childhood  and  early  adult  age,  especially  upon 
the  hands  and  tace.  They  may  be  single,  but  upon  the  hands 
they  are  connnonly  multiple.  When  not  congenital  they  generally 
disappear  after  a  time,  though  they  may  persist  for  years.  Warts 
on  mucous  surfaces  give  trouble,  and  may  cause  death  by  bleeding: 
in  the  bladder,  difficulty  may  arise  from  obstruction  to  the  inflow 
or  outflow  of  urine,  the  entrance  of  the  ureter  being  a  favourite 
seat.  Lastly,  the  tendency  of  warts  and  warty  surfaces  {e.g.,  ich- 
thi/osis  linguce)  to  become  epitheliomatous  in  advanced  life  must  be 
remembered. 

ADENOMA. 

Adenomata — or,  as  they  are  sometimes  called,  glandular  tumours 

— are  new  fonnations  of  epithelial  gland-tissue,  more  or  less  resembling, 
but  distinct  from,  the  glandular  tissue  of  the  organs  in  which  the 
tumours  arise.  The  new  growths  are  incapable  of  performing  the 
function  of  the  tissue  they  imitate,  and  their  ducts  do  not  enter  those 
of  the  gland. 

In  structure  adenomata  consist  of  numerous  tubules  or  acini, 
according  to  the  gland  in  which  the  growth  arises.  These  tubules  or 
acini  are  generally  lined  with  a  single  layer  of  epithelial  cells,  though 
there  may  be  two  or  three  layers.  A  section  cut  very  obliquely 
through  the  wall  of  one  of  these  acini  will,  by  cutting  across  adjacent 
cells  at  different  levels,  give  the  appearance  of  several  sujoerim^Dosed 
layers.  The  acini  communicate  with  each  other  and  are  grouped 
together,  being  separated  merely  by  connective-tissue,  in  which  are 
contained  the  blood-vessels.  The  connective-tissue  varies  in  amount ; 
when  it  is  much  in  excess  of  the  normal,  the  growth  is  called  an  adeno- 
Jlbroma.  Sometimes,  in  the  most  rajiidly  growing  forms,  the  stroma 
is  richly  cellular,  consisting  of  round  and  S2iindle-cells  ;   the  histo- 
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lo,i,'ifal  distinction  between  sucli  frrowths  and  sarcomata  is  impossible 
(Fig.  ();-,). 

All  growths  originating  in  glandular  organs  may  be  associated  with 
more  or  less  glandular  structure.  In  the  mamma,  for  example,  sarcoma, 
myxoma,  and  other  forms  of  tumour,  are  often  so  intermingled  with  the' 
gland-tissue  of  the  organ  that  it  becomes  difficult  to  say  which  is  the 
predominant  structure.    In  many  cases  it  is  evident  that  the  develoij- 


FlG.  65. — Adenoma  of  Mamma,    a,  fibrous  tissue  ;      acini  lined  with 
epithelium,    x  250. 


ment  of  such  tumours  is  accompanied  by  an  increase  of  the  gland-tissue 
amongst  which  they  grow.  Mixed  forms  are  thus  produced — adeno- 
sarcoma,  adcno-nujxoma,  &c.  Adenoma  is,  by  itself,  an  insufficient  name 
for  these  tumours,  because  their  stroma  is  different  from,  or  in  excess  of, 
that  found  in  normal  gland-tissue. 

Adenomata  almost  always  originate  from  pie-e.visliiig  g/aiid.s: 
They  generally  grow  slowly,  and  ])ossibly,  in  many  cases,  from  some 
hitherto  (piiescent,  congenilally  misplaced,  rudiment ;  otherwise  it  is 
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difficult  to  explain  the  complete  encapsulation  and  separation  from  the 
normal  gland  which  distinguishes  an  adenoma  from  a  localised  en- 
largement. The  latter  swelling  remains  in  intimate  relation  with  the 
gland,  and  is  probably  often  of  inflammatory  origin. 

The  most  frequent  secondary  change  found  in  these  tumours  is 
fattij  dcgeite ration  of  the  epithelium,  which  may  give  rise  to  the  forma- 
tion of  small  caseous  masses  in  the  growth.  Dilatation  of  the  saccules 
and  tubules  into  cysts,  and  mucoid  softening  are  also  common.  The 
origin  of  cancer  has  several  times  been  traced  to  an  adenoma. 


Fig.  66. — A deno- Fibroma  of  Mamma.    Showing  new  growth  of  gland- 
stracture  and  of  connective-tissue,     x  50. 

Adenomata  originate  in  the  following  organs  : — 
Mamma. — This  is  much  the  most  common  seat  of  adenoma,  or 
rather  of  adeno-fibroma,  for  a  glandular  tumour  which  is  structurally 
indistinguishable  from  normal  breast-tissue  is  very  rare  (Fig.  66).  The 
arrangement  of  the  epithelium,  the  number  and  size  of  the  spaces,  the 
proportion  of  stroma,  and  the  number  of  cells  it  contains,  are  more  or 
less  abnormal  (Fig.  66),  hence  the  name  "adeno-fibroma"  is  generally 
most  applicable.  These  tumours  are  also  called  "chronic  mammary  " 
and  "  adenoid."  They  are  encapsuled,  and  are  round,  oval,  or  lobulated, 
lying  in  or  on  the  breast.  They  are  of  hard  elastic  consistence. 
The  surface  on  section  is  slightly  convex  and  not  cupped,  as  in 
chronic  cancer  {scirrhus).  It  is  either  lobulated  and  fibrous-looking, 
or  shows  distinct  slits  and  a  racemose  structure  even  to  tlie  naked  eye. 
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These  tumours  are  most  common  in  early  life.  They  may  be 
multiple.  Many  atleno-fibromata  contain  cysts,  which  may  be  very 
numerous,  and  vary  in  size  from  slight  dilatations  of  ducts  and  acini  to 
cavities  containing  some  ounces  of  yellow  mucoid  fluid,  which  may 
be  reddish  or  brownish  from  extravasated  blood.  Many  are  lined 
with  cylindrical  epithelium  like  that  of  the  gland-spaces,  but  others 
appear  to  be  formed  by  localised  softenings  of  the  stroma.  At  first 
they  a)i])car  on  section  as  irregular  and  l)ranched  fissures,  then  as 
spaces  full  of  fluid  ;  in  other  cases  they  are  almost  completely  filled  by 
l)apillary  fibrous  growths  projecting  inwards  from  the  wall  and  covered 
by  cubical  ejDithelium.  These  cystic  growths  are  called  cifulic  adeiiu- 
mala;  or,  if  the  stroma  is  richly  cellular,  cystic  adeno-xarcoinala.  Papillary 
growths  having  an  adenomatous  structure  may  occur  in  the  mammary 
ducts  (Fig.  64').  The  non-cystic  growths  must  be  distinguished  from 
local  and  general  hypertrophies  of  the  gland,  and  from  chronic  mastitis, 
in  which  the  fibrous  tissue  is  less  localised  and  generally  includes  fat 
and  atrophied  acini. 

Ovary. — Adenomata  frequently  arise  in  the  ovaries.  The  acini 
of  the  growth  are  derived  from  ingrowths  of  the  germinal  epithehum 
of  the  surface  of  the  ovary,  while  the  fibrous  or  myxomatous  septa  take 
their  origin  from  the  stroma.  Of  the  original  acini  the  largest  number 
remain  little  more  than  microscopic  in  size  ;  some,  however,  enlarge 
considerably,  and  into  the  cavities  of  many  of  these,  compound  papillarv 
ingrowths  occur  (Fig.  67),  consisting  of  a  framework  of  stroma  and  a 
covering  of  columnar  cells ;  -while  a  still  smaller  number  of  acini 
enlarge  enormously,  and  together  foim  the  well-known  large  compound 
multUocular  cysts  of  the  ovary.  The  contents  are  clear  or  turbid, 
mucoid  or  gelatinous.  The  tumours  are  as  a  rule  innocent,  but  if 
carcinomatous  or  sarcomatous  developments  occur  in  their  interior, 
they  rapidly  assume  malignant  characters. 

Kidney. — The  kidneys  are  the  occasional  seats  of  growths  some- 
what resembling  those  of  the  ovary. 

Prostate. — In  advanced  age  some  of  the  tumours  w'hich  form  in 
this  body  contain  glandular  tissue  as  well  as  muscle  and  connective- 
tissue  (^Adeno-viyom(t). 

Thyroid. — Apart  from  the  hyiDertrophy  of  this  gland  occiu-ring  in 
endemic  goitre  and  Graves's  disease,  distinct  encapsuled  tumours  having 
the  structure  of  the  normal  thyroid  may  rarely  be  found. 

Parotid. — Pure  glandular  tumours  are  infrequent,  and  the  gland - 
epithelium  of  such  tumours  as  do  occur  is  generally  very  at^-pical. 
Fibro-adenomata  ai-e  commoner,  but  the  ordinaru  " parotid  tumour"  k 
a  mixed  growth  containing  cartilaginous,  myxomatous,  and  other  tissues. 
The  other  salivary  glands  are  still  less  frequently  affected. 

Liver. — Small  encapsuled  tumours  having  the  structure  of  the 
liver  have  been  described. 


ADENOMA 


117 


Glands  of  Mucous  Membranes — Gland-tissue  enters  largely 
into  the  structure  of  some  of  the  "mucous  jjolypi/'  which  may  spring 
from  any  mucous  membrane,  especially  as  a  result  of  catarrh.  In  some 
cases  it  is  probable  that  the  glands  primarily  enlarge,  then  project, 
and  finally  become  polypoid.  In  other  cases  it  is  supposed  that 
localised  increase  of  comiective-tissue  from  inflammation  may  lead  to 
increase  of  the  epithelial  structures  in  relation  with  it.  Polypi  of  the 
nose,  stomach,  intestines,  rectum,  and  uterus  are  examples.  The  con- 
nective-tissue is  soft  and  oedematoiis ;  the  surface  is  covered  by  the 
epithelium  of  the  part. 


Fig.  67. — Papillary  Growlh  inside  an  Ovarian  Cyst,  projecting  from  its 
wall  (w).  It  consists  of  loose  connective-tissue  [c],  containing 
many  branched  cells,  covered  by  a  layer  of  columnar  cells  (<?) ; 
secondary  processes  are  numerous  x  20.    (Boj'd. ) 

Sebaceous  and  Sweat  Glands. — So-called  adenomata  of  these 
glands  are  uniform  enlargements  rather  than  tumours.  Fig.  b'8  shows 
a  small  portion  of  a  sebaceous  "  adenoma  "  from  the  chin  of  a  child. 

Among  secondary  changes  are  calcification,  which  may  affect 
the  epithelial  masses,  and  ossification,  which  may  take  place  in  the 
fibrous  stroma.  Tumours  undergoing  the  latter  change  are  rare,  and 
have  been  called  "  osteomata  of  the  skin  "  (p.  96). 

Clinically,  adenomata  and  adeno-fibromata  are  almost  invariably 
innocent.  They  may,  however,  occasionally  become  malignant.  A 
few  cases  occur  which  clinically  and  microscopically  appear  to  be 
ordinary  adenomata,  but  which  recur  locally  after  removal.    There  are 
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also  cases  on  record  of  tlic  <j;riicrali.mliu)i  of  ovarian  adenomata  as  well 
as  of  tumours  having  tlie  structure  of  the  normal  thjToid  gland. 

The  lumina  of  racemose  adenomata  are  sometimes  filled  up  witli 
epithelial  cells ;  it  is  then  impossible  to  distinguish  them  microsco- 
pically from  scirrhus  in  its  earliest  stage — that  of  multij)lication  of 
epithelium — unless  the  mass  has  penetrated  the  muscularis  nmcosa», 
when  its  malignant  nature  is  assured.  The  occasional  origin  of 
cancer  from  adenomata  has  been  proved,  both  microscopically  and 
clinically. 

As  there  is  no  exact  line  of  division  between  sarcoma- tissue  and 
fibrous  tissue,  it  is  often  impossible  to  say  with  certainty  which  name — 


Fig.  58. — Lobule  of  a  Sebaceous  Adenoma,  c.t,  connective-tissue  con- 
taining many  cells,  and  forming  capsule  and  septa ;  e,  saccule  full 
of  epithelial  cells,  a  few  of  which  show  signs  of  fatty  degeneration — 
a  clear  space,  pushing  nucleus  aside.  In  larger  saccules  degenera- 
tion is  more  general  and  extreme  (/ c. )    X  200.  (Boyd.) 


adem-Jihroma  or  adeno-sarcoma — should  be  applied  to  a  given  tumour 
containing  gland-tissue. 


CARCINOMA. 

Carcinomata  or  cancers  are  tumours  consisting  of  epithelial  cells 
lying  in  a  network  of  connective-tissue  (xlroina). 

Origin.— It  is  now  generally  believed  that  epithelial  cells  can 
originate  only  in  cells  of  the  same  type  ;  it  is,  therefore,  only  from 
such  cells  that  carcinomata  can  spring.  They  may  arise  equally  in 
epithelium  derived  from  the  epihiast,  forming  the  skin  and  its  ajijjen- 
dages,  the  testicles  and  other  glands;  or  from  the  liypohlaM,  which 
lines  the  alimentary  canal  and  gives  origin  to  the  great  glandular 
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viscera  connected  with  it.  Cases  have  been  recorded  of  primary  cancer 
in  lymphatic  glands;,  in  bone,  in  tlie  membranes  of  the  brain,  and  in 
other  phices  wliere  no  true  epithelium  exists.  Of  such  cases  various 
explanations  are  possible.  (1)  Some  small  primary  growth  may  exist 
which  is  overlooked  owing  to  its  givmg  rise  to  no  symptoms,  the 
tumour,  which  is  apparently  primary,  being  really  derived  from  this  by 
metastasis.  (2)  Some  abnormality  may  have  existed,  such  as  a  detached 
piece  of  mammary  tissue  lymg  near  the  axillary  glands,  or  the  fcetal 
inclusion  of  an  epithelial  rudiment  (p.  74).  (3)  There  are  certain 
kinds  of  connective-tissue  cells,  such  as  the  endothelium  of  blood- 
vessels and  serous  membranes,  which  are  indistinguishable  from 
epithelium  and  which  give  rise  to  tumours  morjihologically  identical 
with  epithelial  growths  {endotheliomata,  p.  108).  Some  other  sar- 
comata {(tlveolar  sarcoma,  cijlindroDUi)  also  resemble  carcinomata  so 
closely  that  mistakes  in  diagnosis  may  reasonably  occur.  (4)  If  the 
theory  of  new  growths  suggested  on  page  78  is  tenable,  it  appears 
possible  that  a  true  epithelial  growth  may  originate  m  any  spot,  from 
the  lodgment  of  a  mass  of  epithelial  cells  displaced  from  their  normal 
connections  and  carried  thither  by  the  lymph  or  blood-stream. 

Epithelial  cells  are  said  to  occur  around  cancers  lying  in  the  con- 
nective-tissue spaces  isolated  from  the  growth  itself.  This  cannot, 
however,  be  used  as  an  argument  in  favour  of  the  development  of  such 
cells  from  connective-tissue^  since  cancer-cells  are  undoubtedly  cari'ied 
away  by  the  lymph-stream  even  to  distant  parts  of  the  body.  Often 
delicate  chains  of  cells  one  or  two  inches  in  length  have  been  traced 
between  a  main  growth  and  an  apparently  isolated  nodule.  Such  a 
chain  might  easily  be  interrupted  and  cells  thus  left  isolated.  It  is 
worthy  of  note  that  very  few  cases  of  so-called  primary  mesoblastic 
cancer  have  been  reported  since  microscopical  examinations  have 
become  more  exact. 

When  conditions  are  favourable,  and  a  cancer  originates  either  in 
the  growth  of  a  resting  embryonic  rudiment  (Cohnheim)  or  from  dis- 
placed epithelial  cells,  it  tends  to  grow  through  any  basement  membrane 
that  may  exist,  and  spread  along  lymph-spaces  and  channels  in  the 
connective-tissue.  Epithelial  cells  thus  lie  in  the  lymph-current,  where 
they  are  bathed  in  nutrient  fluid  and  are  able  to  multiply  rapidly 
(p.  79).  Glandular  infection  is  in  this  way  readily  produced.  The 
shape  and  arrangement  of  the  growing  cell-columns  depend  upon  the 
resistance  met  with  in  their  progress  :  when  resistance  is  great,  the 
columns  are  narrow  ;  when  it  is  slight,  they  widen  out. 

The  stroma  of  the  growth  is,  at  first,  formed  by  the  normal  con- 
nective-tissue bundles  of  the  part ;  but,  as  the  tumour  enlarges, 
irritation  of  the  surrounding  jiarts  is  set  up,  round-celled  infiltration 
occurs  at  the  advancing  edge  of  the  growth,  and  fresh  fibrous  tissue  is 
formed  by  multiplication  of  the  connective-tissue  cells.    At  first,  other 
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elements  of  the  part  may  jjersist  in  the  stroma  (t-.^/.,  fat-cells  in  the 
breast  and  nnisele-fibres  in  the  jM-ostate),  but  such  enclosed  cells 
rapidly  disappear  as  the  tumour  advances. 

(irowinf?  in  this  way  carcinomata  are  scarcely  ever  encapsuled. 
In  a  few  rare  instances,  tumours  having  the  structure  of  c))itheliomata 
may  be  met  with  (e.g.,  in  the  soft  palate)  surrounded  by  a  definite 
capsule.  In  almost  all  cases,  however,  cancers  ra])idly  infiltrate  sur- 
rounding- structures.  In  many  cases,  a  zone  of  small-celled  infiltration 
may  be  seen  for  some  distance  beyond  the  borders  of  the  tumour,  so 
that  there  is  no  line  of  demarcation  between  it  and  normal  tissues. 


Fig.  69.  —  Ce/ls  from  a 
Scirrhus  of  the  Mamma. 
X  3S°- 


Structure. — It  has  already  been  stated  that  carcinomata  consist  of 
e])ithelial  cells  and  connective-tissue  stroma.  The  cells  are  charac- 
terised by  their  large  size,  by  the  variety  of  their  forms,  and  by  the 

magnitude  and  ))rominence  of  their  nuclei  and 
nucleoli  (Fig.  fif)).  They  are  round,  oval,  fusi- 
form, caudate  or  polygonal — exhibiting,  in  short, 
every  diversity  of  outline.  These  variations  in 
form  are  principally  owing  to  the  mutual  pres- 
sure to  which  the  cells  are  subjected  in  their 
growth.  The  nuclei  ai'e  large  and  prominent, 
round  or  oval  in  shape,  and  contain  one  or  more 
bright  nucleoli.  The  nuclei  are  most  frequently 
single,  but  two  are  often  met  with,  and  in  the 
softer  and  more  rapidly  gi-owing  cancers  there 
may  be  more.  The  cells  lie  in  the  alveoli  in  more  or  less  close  contact 
one  Avith  another  :  no  stroma  passes  helween  them.  They  rapidly  undergo 
degenerative  changes.  Many  cells  may  be  seen  to  contain  molecular 
fat,  and  in  the  central  portions  of  the  alveoli  so  many  cells  may  be 
destroyed  that  the  growth  may  at  places  be  represented  by  mere 
amorphous  debris,  containing  here  and  there  the  free  nuclei  of  those 
which  have  perished.  Cells  exactly  similar  to  cancer-cells  are  met  with 
in  other  morbid  growths  and  in  the  normal  epithelia  :  there  is  thus  no 
distinguishing  characteristic  of  cancer-cells. 

In  recent  years  the  minute  structure  of  carcinomata  has  been  sub- 
jected to  a  very  rigid  examination  in  seai-ch  of  any  parasite  that  ma}' 
be  present.  It  is  generally  admitted  that,  when  suitable  ])ortions  of 
cancerous  tissues  are  hardened  and  stained  by  special  methods,  peculiar 
appearances  are  to  be  seen,  the  exact  significance  of  which  is  still  in 
dispute.  These  are  known  as  cancer-bodies  or  cell-enclosures.  They 
vary  greatly  in  size,  being  on  an  average  somewhat  smaller  than  red 
corpuscles.  They  are  for  the  most  part  spheroidal  in  fonn,  and  have 
a  sharply  defined  outline.  They  possess  staining  affinities  somewhat 
different  from  those  of  the  ordinary  cells  of  the  growth.  Their  sub- 
stance is  usually  homogeneous,  but  occasionally  mottled  or  graiuilar. 
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At  or  near  to  the  centre  is  a  small  deeply  stained  part  which  has  been 
supposed  to  represent  the  nucleus  or  nucleolus.  It  is  usually  single, 
round  or  oval  in  shape,  and  there  may  be  a  taint  radial  striation  visible 
between  it  and  the  periphery  (Fig.  70).  The  number  of  cancer-bodies, 
or  fragments  of  such,  occurring  in  cells  is  said  to  be  generally  even,  and 
this  has  been  interpreted  as  being  the  result  of  a  process  of  multiplica- 
tion by  binary  division.  Spore-formation  has  been  said  to  occur  by 
some  observers,  but  is  not  generally  admitted.  Cancer-bodies  are 
usually  found  enclosed  within  the  cells  of  the  growth,  but  they  have 


Fig.  70. 

(a)  Two  complete  cancer-bodies  in  a  single  cell,     x  600. 

(6)  Cancer-body  showing  granules  at  the  periphery  of  the  cell,     x  600. 

[c)  Cancer-body  with  a  dividing  nucleus  ;  the  connecting  threads  are 

shown.     X  600. 
{d)  Cell  containing  a  cluster  of  small  cancer-bodies,     x  1000. 
(e)  Cancer-cell  from  scirrhus  of  breast.    Faint  rays  are  seen  at  periphery 

of  parasite,     x  1200. 
(P)  Cancer-bod}'  or  supposed  parasite. 

(Specimens  and  drawings  b}'  Ruffer. ) 

also  been  described  lying  in  the  alveolar  spaces  outside  the  cells  and 
even  in  the  lymphatics  of  the  alveolar  Avails.  Their  position  has  no 
ascertainable  influence  on  their  general  characters.  The  cancer-body 
may  occupy  only  an  insignificant  part  of  the  cell,  or  may  fill  nearly  the 
whole  of  it  and  displace  the  nucleus  to  the  periphery.  Still  more 
rarely  these  bodies  may  be  found,  singly  or  in  numbers,  within  the 
nucleus  itself ;  in  this  case  they  are  generally  smaller  than  when  found 
elsewhere. 

The  cancer-bodies  are  most  common  in  growing  edges  of  tumours 
and  in  secondary  deposits,  and  are  rarely,  if  ever,  found  in  degenerated 
parts.  On  the  other  hand,  there  is  no  evidence  that  they  excite  any 
unusual  activity  of  growth  in  the  cells  containing  them  ;  indeed,  it 
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appears  somewhat  rare  to  find  signs  of  nuclear  division  in  such  cells. 
As  degeneration  occurs,  the  bodies  lose  their  sharj)  contour;  and 
Rutter  has  drawn  attention  to  the  fact  that  this  not  infrequently 
hajjpens  when  a  leucocyte  invades  a  cell  alreafly  occujiied  by  a  cancer- 
body. 

The  nature  of  these  bodies  is  not  as  yet  definitely  ascertained. 
Soon  after  attention  was  first  directed  to  them  it  was  suggested  that 
they  were  parasitic  protozoa.  Ruffer  pointed  out  a  resemblance  to  the 
protozoa  of  malaria  (see  Malaria),  in  which  the  "rosette-stage"  is 
similar  to  an  apjjearance  which  he  met  with  in  cancer-bodies.  The 
occurrence  in  rabbits  of  a  disease  of  which  the  morbid  anatomy  is 
somewhat  analogous  to  tumour  formation,  and  whicli  has  been  proved 
to  be  due  to  a  minute  organism  of  the  class  Sporozoa,  lent  additional 
weight  to  this  view.  Recent  observers  (Roncali,  Plimmer)  liave 
identified  the  cancer-bodies  with  parasitic  fimgi.  Plimmer  has,  indeed, 
succeeded  in  isolating  and  cultivating  (anaerobically)  certain  fungi 
from  cancers,  which  he  considers  may  j)ossibly  be  found  to  belong  to 
the  saccharomycetes.  He  finds  that,  when  certain  animals  are  inocu- 
lated intraperitoneally  with  the  cultures,  death  results,  with  the  pro- 
duction of  endothelial  tumours  ;  and  that  cultures  from  these  growths 
will,  under  similar  conditions,  produce  similar  results. 

It  is  not  yet  satisfactorily  proved,  however,  that  parasites  of  any 
kind  are  constantly  present.  Many  bodies  which  have  been  looked 
upon  as  parasitic  in  cancers  undoubtedly  admit  of  simpler  explanation. 
Thus  it  is  maintained  that  many  of  these  so-called  parasites  are  nothing 
more  than  the  appearance  produced  by  the  invagination  of  a  part  of 
one  cell  into  the  substance  of  another,  the  section  being  made  through 
both  cells  parallel  to  and  just  below  the  surface  through  which  the 
imbedded  cell  enters.  Other  cancer-bodies  may  be  merely  leucocytes 
enclosed  within  the  cells  of  the  growth.  Another  suggestion  is  that 
these  bodies  are  due  to  endogenous  formation  of  new  cells  from  those 
of  the  original  growth.  ■  This  may  either  occur  from  an  arrest  of  the 
process  of  direct  division  (amitotic)  or  from  some  irregularity  in  that 
of  indirect  division  (initotic,  karyokinetic).  Instances  of  such  irregular 
karyokinesis  may  be  seen  at  times  in  cancer-cells,  there  being  a  tri- 
polar  or  quadripolar  arrangement  of  chromasomes  instead  of  the  usual 
bipolar  figure.  It  is  possible  that  round  a  detached  portion  of  chro- 
matin a  cell  may  form  and  groAV  rajjidly,  but  may  yet  remain  a 
daughter-cell  within  the  substance  of  its  parent.  If,  however,  this  be 
the  case,  it  is  difficult  to  see  why  the  daughter  and  parent  cells  should 
present  any  marked  differences  from  one  another  in  their  staining 
reactions.  The  most  probable  explanation  of  many  of  the  unusual 
appearances  seen  in  cancer-cells  is  that  they  are  due  to  different  forms 
of  degenerfition  of  the  cell-])rotop]asm.  Kpithelial  cells  are  liable  to 
changes  whereby  various  substances  are  formed  in  them  (keratin. 
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hyaline,  colloid),  and  all  new  growths  are  specially  subject  to  retro- 
gressive changes  in  their  constituent  cells. 

The  stroma  present  in  carcinomata  varies  considerably  in  amount, 
being  much  more  abundant  in  some  specimens  than  in  others.  It 
consists  of  a  more  or  less  distinctly  fibrillated  tissue,  aiTanged  so  as  to 
form  alveoli  of  varying  size  and  shape,  within  which  the  cells  are 
gi'ouped.  It  is  not  closely  connected  with  the  cells  and  does  not 
penetrate  between  them.  The  alveoli 
communicate  with  one  another  so  as  to 
form  a  continuous  cavernous  system  (Fig. 
71).  The  chai-acters  of  the  stroma  vary 
with  the  rate  of  growth  of  the  tumour  : 
if  this  is  rapid,  round  and  spindle-shaped 
cells  will  be  jiresent  (Fig.  73)  ;  if,  on  the 
other  hand,  it  is  slow,  the  cells  will  be  few 
and  the  tissue  will  be  dense  and  more 
fibrous  in  character  (Fig.  74).  The  latter 
is  the  condition  in  which  it  is  most  com- 
monly met  with. 

In  the  stroma  are  the  blood-vessels. 
These  are  often  veiy  numerous  and  form  a 
close  network  round  the  alveoli.  They  are 
limited  to  the  stroma  and  never  pass  into  the  ejiithelial  masses.  This 
distribution  of  the  blood-vessels  is  important,  as  it  serves  to  distinguish 
carcinomata  from  sarcomata  (p.  97).  Alveolar  sarcomata  and  endothe- 
liomata,  however,  resemble  carcinomata  in  this  respect.  The  blood- 
vessels leading  to  a  cancer,  as  to  other  tumours,  are  often  greatly 
enlarged.  The  cause  of  this  enlargement,  and  the  mechanism  by 
which  it  is  brought  about,  are  not  well  understood.  Lymphatic 
channels  communicate  freely  with  the  alveoli.  This  explains  the  great 
tendency  of  cancer  to  infect  lymphatic  glands.  In  fact  the  alveoli  of 
the  groArth  may  be  regarded  as  dilated  lymphatic  spaces,  along  which 
the  epithelial  columns  grow,  following  the  lines  of  least  resistance. 

The  physical  characters  of  carcinomata  are  so  diverse  that  they 
will  be  separately  referred  to  when  the  different  varieties  are  under 
consideration. 


Fig.  71. • — The  Alveolar  Stroma 
from  a  Scirrhus  of  the  Mamma. 
The  cells  have  been  removed  by 
pencilling,     x  200. 


Varieties. — Just  as  normal  epithelium  presents  several  varieties, 
squamous,  columnar  and  cubical,  so  the  tumours  which  spring  from 
different  epithelia  are  of  different  anatomical  stracture,  inliei'iting,  to  a 
greater  or  less  extent,  the  form  and  tendencies  of  the  variety  of 
epithelium  from  which  they  originate.  Thus,  cells  of  cancers  springing 
from  stratified  epithelium  tend  also  to  undergo  the  same  evolution, 
ending  in  cornification,  and  in  many  cases  they  show  prickle-cells. 
Columnar  epithelium  often  retains  its  tj^pical  arrangement  and  con- 
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tiiuies  to  surround  open  spaces;  in  other  cases  the  cells  may  multiply 
so  as  to  fill  these  spaces,  the  outermost  layer  of  cells  generally,  how- 
ever, retaining  a  cylindrical  shape.  Cells  of  acinous  glands  undergo 
no  evolution  {e.g.,  horny  change);  by  multiplication  they  produce  cells 
of  their  own  kind,  which  may  be  much  altered  in  shape  by  mutual 
pressure.  Upon  this  retention  by  the  cells  of  ancestral  anatomical 
characters  is  based  the  classification  of  carcinomata  into  S(/i/(i}>iom, 
Columnar,  and  Acinoiui  varieties.  The  squamous  and  columnar  forms 
are  often  known  as  epUhcliomala  owing  to  their  resemblance  to  the 
structure  of  normal  covering  epithelium,  but  the  cells  of  glands  are 
equally  ei)ithclial  in  character,  and  no  real  distinction  exists  between 
glandular  carcinoma  and  epithelioma.  Indeed  ancestral  peculiarities 
are  not  always  retained.  Thus,  certain  cancers  springing  from  stratified 
epithelium — perhaps  from  the  small  glands  in  relation  with  it — undergo 
no  horny  change  and  are  indistinguishable  from  acinous  cancer,  and 
tumours  springing  from  columnar  epithelium  may  in  many  parts 
present  an  exactly  similar  appearance. 

In  all  varieties  of  carcinoma  the  secondaiy  growths  tend  to  repeat 
the  peculiarities  of  the  primary  tumour.  The  rate  of  growth  and  con- 
sequent proportion  of  stroma  present  may,  however,  varj' ;  secondary 
growths  in  internal  organs  often  developing  with  great  rapidity,  and 
being  softer  and  more  vascular. 

Secondary  Changes. — The  most  important  is  faiti/  dcgencralioii. 
This  occurs  in  all  the  varieties  of  carcinoma.  The  more  rapid  the 
growth,  the  earlier  does  this  retrogressive  change  take  place.  It 
produces  softening  of  the  growth,  which  is  often  reduced  to  a  pulpy 
cream-like  consistency.  Hcemorrhage,  jng»ienialio>i,  mucoid  and  colloid 
degeneration  may  also  occur,  leading  to  cyst-formation .  Cysts  may  also 
be  due  to  blocking  of  ducts,  as,  for  example,  in  the  mamma.  Calci- 
fication and  true  ossijication  are  very  I'arely  met  with.  Formation  of  an 
abscess  is  rare,  but  important. 

Clinical  Characters.  —  Cancers  occur  with  increasing  fre- 
quency after  the  age  of  thirty-five :  below  that  of  thirty  they  are 
rare  tumours.  They  occur  in  certain  organs  at  an  earlier  period  of 
life  than  in  others,  carcinoma  of  the  mamma  and  cervix  uteri  being 
met  with  not  infrequently  in  comparatively  J'oung  subjects,  while 
'that  of  the  lip  or  oesophagus  generally  arises  in  elderly  persons. 
The  uterus  and  mamma  are  the  seat  of  carcinoma  more  frequently 
than  any  other  organ,  thus  causing  the  female  sex  to  present  a  slightly 
greater  ratio  of  deaths  from  this  disease  than  the  male  ;  but,  apart  from 
these  organ.s,  the  incidence  of  the  disease  upon  the  two  sexes  is  prac- 
tically equal. 

Primary  carcinomata  are  almost  always  single.    As  a  group  they  are 
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among  the  most  malign.ant  tumours.  They  grow  rapidly,  widely 
infiltrate  surrounding  parts,  largely  infect  lymphatic  glands  (p.  99), 
and  ultimately  become  generally  disseminated  throughout  the  system. 
Unless  excised  very  early  and  very  freely,  they  recur  m  loco.  They 
frequently  break  down  and  give  I'ise  to  very  offensive  ulcers  which 
bleed  readily.  The  difierent  types  of  cai-cinoma  vary  considerably  in 
malignancy.  As  a  rule,  those  forms  of  acinous  cancer  which  exhibit  a 
small  relative  amount  of  stroma  and  a  richness  in  epithelial  elements 
are  the  most  speedily  ftital.  Colloid  degeneration  appears  .to  diminish 
malignancy.  Occasionally  an  encapsuled  tumour  is  met  with,  especially 
in  the  soft  palate,  showing  no  sign  of  malignancy,  yet  having  the  struc- 
ture of  acinous  cancer.  In  the  variety  known  as  "atrophic  scirrhus  " 
the  duration  of  the  disease  is  not  uncommonly  from  ten  to  twenty 
years,  and  the  extension  only  local  and  glandular. 

Squamous  epithelioma  is  clinically  much  the  least  malignant  of  the 
cancers.  It  extends  locally,  breaks  down  early,  and  often  infects  the 
neighbouring  lymphatic  glands,  but  it  comparatively  rarely  reproduces 
itself  in  intei'nal  organs.  This  is  probably  owing  to  the  size  and 
character  of  its  epithelial  elements,  which  renders  them  much  less 
liable  to  transmission  by  the  blood  and  lymph-streams  than  the  cells 
of  the  other  varieties  of  cancer.  Its  malignancy  varies  curiously  with 
its  seat :  thus,  on  the  skin  of  the  face,  epithelioma  has  generally  a 
very  chronic  course,  and  rarely  affects  the  glands  ;  on  the  lip,  early 
excision  gives  a  fair  chance  of  cure  ;  on  the  tongue,  its  course  is  often 
so  rapid,  infection  of  the  glands  so  early,  and  cachexia  and  death 
so  speedy,  that  it  must  be  ranked  as  one  of  the  most  malignant 
tumours. 

I.  Acinous  or  Glandular  Carcinoma. 

This  is  often  divided  into  two  separate  varieties,  according  to  the 
relative  amount  of  stroma  and  cells,  the  harder  growths,  with  much 
fibrous  tissue  and  scanty  epithelial  cells,  being  known  as  scirrhus,  the 
softer  kind,  rich  in  cellidar  elements,  being  called  encephaloid  or 
medullary  carcinoma.  Encephaloid  and  scirrhus  cannot,  however,  be 
regarded  as  in  any  way  constituting  distinct  varieties  of  carcinoma. 
There  are  many  intermediate  stages  between  them  {common  cancer, 
scirrho-encephaloid,  Fig.  72),  and  it  may  happen  that  the  same  tumour 
presents  in  one  part  the  characters  of  scirrhus  and  in  another  or  in 
secondary  growths  that  of  encephaloid  cancer.  The  physiological 
prototype  of  this  form  of  carcinoma  may  jjerhaps  be  seen  in  the  solid 
columns  of  epithelial  cells  which  are  produced  in  the  embryo  to  form 
the  glandular  viscera.  1 

1.  Scirrhus  or  Chronic  Cancer  is  characterised  by  the  amount 
and  density  of  its  stroma,  and  by  the  comparative  slowness  of  its 
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Fig.  73.—Scirr/tus  oj  Breast.    From  the  circumference  of  a  growth. 

X  250- 
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growth.  The  latter  pomt  probably  accounts  in  great  measure  for  the 
peculiai'ities  of  its  sti'ucture  and  pliysical  characters. 

Tlie  epitheUal  growth^  althougli  at  first  it  may  be  kixuriant 
(Fig.  73),  quickly  subsides.  The  cells  soon  atrophy  and  undergo  fatty 
degeneration.  They  are  most  abundant  in  the  external  portions  of  the 
tumour,  where  growth  is  taking  place  ;  in  the  central  portions  (Fig.  74) 
they  are  fewer,  and  may  be  almost  entirely  wanting. 

The  degeneration  of  the  epithelial  elements  is  probably  due  to 
obliteration  of  the  vessels  by  the  scar-like  contraction  of  the  stroma, 
whic-h  quickly  becomes  hard  and  fibrous.  In  this  way  growth  of  that 
part  of  the  cancer  is  arrested.    The  whole  of  the  central  portions 


Fig.  74. — Scirrhus  of  Brcasl.  From  the  centre  of  same  growth  as 
Fig.  73.  The  cells  ai'e  shrunken  and  degenerated  and  the  stroma 
less  cellular.     x  250. 

may  thus  ultimately  consist  of  dense  fibrous  tissue,  amongst  which  are 
scattered  groups  of  atrophied  epithelial  cells  and  fatty  debris  (^atrophic 
scirrhus^  ;  but  even  in  these  cases  the  epithelial  structure  is  distinctly 
visible  at  the  pei'iphery.  The  amount  of  atrophy  and  contraction  varies 
considerably  in  different  cases. 

The  pki/sical  diameters  of  scirrhus  are  due  to  the  abundance  of  its 
stroma.  The  growth  is  firm  and  hard,  and  is  usually  depressed  in  the 
centre,  owing  to  contraction  of  the  fibrous  tissue  and  atrophy  of  the 
cells.  This  contraction  is  very  characteristic  of  scirrhus  of  the  breast, 
where  it  causes  retraction  of  the  nipple  and  ^Juckering  of  the  .skin. 
The  growth  is  very  hard,  and  creaks  as  it  is  cut.  The  surface  of  the 
section  is  generally  "  cupped,"  and  of  greyish- white,  semi-translucent 
appearance,  like  that  of  an  unripe  pear.    It  is  more  or  less  mottled 
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with  clots  and  stn-aks  of  opacpic  yellow,  due  to  fatty  ejiithelium  in 
alveoli  or  milk-ducts.  The  latter  may  be  eystie.  The  eentral  parts 
are  jiule  and  fibrous,  the  more  external  are  pinker— because  contrac- 
tion has  not  obliterated  the  vessels — and  less  firm  than  the  central 
porticms  of  the  f^rowth.  They  yield,  on  scraping,  a  juice  which  is  rich 
in  nucleated  cells,  free  nuclei,  and  granules.  The  outlying  parts  of 
the  tumour  can  be  brought  into  view  by  the  local  application  of  a  five 
per  cent,  solution  of  nitric  acid,  the  affected  areas  appearing  as  ojjaque 
white  streaks. 

By  far  the  commonest  seat  of  scirrlius  is  the  female  breast.  It 
is  also  found  in  the  male  breast,  the  stomach,  the  liver,  the  pancreas, 
the  prostate,  the  skin,  and  the  mucous  membranes,  where  it  starts 

from  racemose  mucous  glands.  The 


Fig.  75. — Encephaloid  Cancer.  From  a 
secondary  cancer  of  the  liver,  showing 
the  large  size  of  the  alveoli  and  tlie 
thinness  of  their  walls.  In  the  latter, 
a  large  number  of  connective-tissue 
nuclei  are  visible,     x  200. 


secondarj'  growths  to  which  it  gives 
rise  are  often  encephaloid. 

2.  Encephaloid  or  Acute 
Cancer  differs  from  the  preceding 
in  the  greater  rapidity  of  its  growtii 
and  in  the  consequently  smaller 
amount  of  its  stroma,  and  the  greater 
softness  of  its  consistency. 

The  ejiithelial  growth  is  rapid 
and  abundant ;  the  cells,  which  may 
be  either  larger  or  smaller  than  those 
n  scirrhus,  quickly  undergo  fatty 
degeneration,  so  that  often  there 
are  more  free  nuclei  visible  than 
cells  (Fig.  76). 

The  proportion  of  stroma  is  \&ry 
small,  and,  owing  to  the  rapidity 
of  its  growth,  it  is  much  less  fibrous  than  that  of  scirrhus,  and  does  not 
undergo  a  similar  cicatricial  contraction  (Fig.  75).  The  blood-vessels 
are  often  veiy  abundant,  and  the  tissue  supporting  them  is  soft  and 
non-resistant.  Haemon-hage  into  these  growths  is,  therefore,  fre- 
ciuent. 

Encephaloid  cancer  is  of  a  soft  brain-like  consistency  and  ajjpear- 
ance  (from  which  its  name  is  derived),  the  central  portions,  where  fatty 
degeneration  is  most  advanced,  often  being  com)iletely  diffluent.  The 
tumour  is  sometimes  more  or  less  lobulated.  On  section,  the  unde- 
generated  parts  are  pinkish  grey,  soft,  and  translucent,  whilst  the 
degenerated  form  a  white  jiuljiy  mass,  which  is  often  irregularly 
stained  with  extravasated  blood. 

Encephaloid  is  much  less  common  than  scirrhus.  It  is  most  fre- 
quently met  witli  in  internal  organs  as  a  .sccondart/  growth.  It  is 
sometimes  piiviarij  in  the  testis  and  mamma.    It  may  fungate  and 
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bleed  (fimgus  /uematodes).  Many  growths  formerly  described  as 
encephaloid  cancers  were  really  soft  sarcomata  (see  p.  101). 


Fig.  76. — Encephaloid  Cancer  undergoing  necrosis  and  fatty  degenera- 
tion. The  nuclei  of  some  of  the  cells,  especially  those  nearest  the 
thin  fibrous  alveoli,  are  stained,  although  their  protoplasm  has 
broken  up  and  is  not  distinctly  marked  off  from  the  alveolar  walls. 
The  outlines  of  a  few  of  the  rest  are  still  visible,  though  their  contents 
are  granular  and  their  nuclei  unstained.  The  greater  number  have 
been  converted  into  a  mass  of  granular  fatty  debris,     x  250. 


II.  Squamous  Epithelioma. 


This  constitutes  a  tolerably  distinct  variety  of  carcinoma,  but 
transitional  forms  between  it  and  scirrhus 
are  occasionally  met  with.  It  always  grows 
from  a  surface  covered  by  squamous  epithe- 
lium, either  cutaneous  or  mucous  (the  junc- 
tion of  the  two  being  a  common  seat).  Its 
epithelial  elements  closely  resemble  those 
of  squamous  epitlielium. 

Many  of  the  cells  (Fig.  77)  are  con- 
siderably flattened  and  distorted  in  shape. 
resem!)ling  those  of  the  superficial  layers 
of  the  epidermis  ;  others  are  like  those  of 
the  Malpighian  layer.  They  grow  down 
from  the  surface-epithelium  into  the  lymph-spaces  of  the  connective- 

I 


77. — Cells  from  an  Epithe- 
lioma of  the  Lip.     X  250. 
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tissue,and,pushinjjf  tlu-ir  way  along  tliese,  are  formed  into  solid  eylinders, 
whieli  twist  about,  branch,  and  intercommunicate,  swelling  out  at 
some  points  and  becoming  constricted  or  even  interrupted  at  others 
(Fig.  78).  Single  epithelial  cells  may  be  recognised  here  and  there, 
evidently  swept  on  by  the  lymi)h-stream.  The  rods  cut  across  appear 
as  round  or  oval  m.asses  of  cells,  of  which  the  outermost  are  usually 
large,  whilst  the  central  are  more  or  less  squamous  and  form  a 
yellowish  onion-like  mass.  Sometimes  the  central  cells  ajjjjear  large 
and  vesicular,  whilst  the  outermost  are  scaly  and  flattened.  These 


Fig.  78. — Squamous  Epithelioma,  a,  horny  epithelial  layer;  b,  Mal- 
pighian  layer,  with  islets  of  connective-tissue ;  c,  connective-tissue ; 
d,  section  through  columns  of  cells  of  Malpighian  layer  appearing  as 
cell-nests  ;  e,  transverse  and  oblique  sections  of  projecting  columns  of 
epithelium  in  some  of  which  (f)  the  central  cells  have  become  homy. 
X  40. 

concentric  masses  of  cells  are  called  concentric  globes,  or  epithelial 
nests,  and,  though  not  distinctive  or  essential,  they  are  exceedingly 
characteristic  of  epithelioma.  The  cells  forming  them  are  usually  fatty, 
and  may  be  so  closely  packed  as  ultimately  to  become  hard  and  dry 
like  those  of  the  nails  and  hair ;  the  globes  are  then  of  a  brownish- 
yellow  colour  ai;d  of  a  firm  consistence.  These  globes  are  often  large 
enough  to  be  readily  visible  to  the  naked  eye,  and,  owing  to  the  onion- 
like arrangement  of  the  epidermic  scales,  they  usually  jiresent  a  fibrous 
appearance. 

The  stroma  presents  every  variation  between  rapidly  growing 
embryonic  and  incompletely  fibrillated  tissue.  It  may  be  tolerably 
abundant  or  almost  entirely  wanting.    It  rarely  forms  such  a  marked 
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alveolar  structure  as  that  which  chai'acterises  the  other  vai-ieties  of 
carcinoma,  and  consists  simply  of  the  fibrous  tissue  of  the  part  more  or 
less  infiltrated  with  small  round  cells,  which  may  be  ultimately  replaced 
by  connective-tissue. 

The  development  of  squamous  epithelioma  is  due  to  the  down- 
growth  of  the  surface-epithelium  of  skin  or  of  certain  mucous 
membranes  into  the  connective-tissue  and  deejjer  parts,  as  is  described 
on  p.  118.  The  tendency  of  epithelioma  is  to  break  down  and  ulcerate 
at  an  early  stage  :  the  breaking  down  is  due  to  fatty  degeneration  of 
the  cells  and  not  to  inflammation. 

To  the  naked  eye  epithelioma  usually  presents  itself  as  a  small 
hard  ulcer ;  as  an  indurated  fissure  ;  or  as  a  subcutaneous  nodule,  which 
subsequently  breaks  down.  The  surface  of  the  ulcer  is  irregular,  and 
may  be  sloughy.  It  is  often  clean,  and  covered  by  large,  firm,  bluish- 
red  granulations,  consisting  largely  of  epithelium  ;  more  rarely  the 
surface  is  markedly  warty.  The  tumour  itself  is  firm  in  consistence, 
often  more  or  less  friable,  and,  on  section,  presents  a*  greyish-white 
granular  surface,  sometimes  intersected  with  lines  of  fibrous  tissue. 
The  cut  surface  yields  on  pressure  a  small  quantity  of  turbid  liquid. 
In  many  cases  a  peculiar,  thick,  crumbling,  curdy  material  can  also  be 
expressed,  which  often  comes  out  in  a  worm-like  shape,  suggestive  of 
sebaceous  matter  from  the  glands  of  the  skin.  This  material  is  very 
characteristic.  It  is  composed  of  fatty  epithelial  scales,  and  on  being 
mixed  with  water  it  does  not  diffuse  like  the  juice  of  other  cancers, 
but  separates  into  minute  visible  particles.  If  it  is  very  abundant,  the 
cancer  is  soft  and  friable,  and  the  material  can  be  seen  on  the  cut 
surface  as  small  scattered  opaque  dots. 

Irritation  is  believed  to  have  more  to  do  with  the  causation  of  squamous 
epithelioma  than  of  other  kinds  of  cancer.  Some,  such  as  cancer  of  the 
scrotum  from  soot,  and  epithelioma  of  the  arm  in  workers  with  tar  or 
paraffin,  appear  to  be  due  simply  to  irritation  in  people  the  physiological 
resistance  of  whose  connective-tissue  is  diminished  until  invasion  by 
epithelium  is  rendered  easy.  Other  epitheliomata  occur  at  points 
where,  the  process  of  development  being  complicated,  errors  are  likely 
to  have  occurred.  These  places  have  been  already  enumerated  (p.  76). 
Many  of  these  are  points  exposed  to  irritation.  Squamous  epithelioma 
usually  infects  the  lymphatic  glands,  but  rarely  occurs  in  internal 
organs. 

Rodent  Ulcer. 

Rodent  Ulcer  is  a  form  of  squamous  epithelioma  beginning 
as  a  pimple  upon  the  nose  or  cheek,  and  liable  to  frequent  irri- 
tation from  rubbing  or  picking.  After  a  time  it  breaks  down,  and 
the  ulcer  thus  formed  slowly  spreads,  destroying  everything  that  ii 
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meets,  inoludiiif?  bones,  and  producing  tlie  most  hideous  deformity. 
I'liis  may  go  on  for  many  years,  the  healtli  remaining  good  and  no 
ghmd  being  affected.  Rodent  ulcer  is  the  least  malignant  form  of 
cancer.  It  occasionally  shows  a  tendency  to  cicatrise,  and  at  places 
may  even  become  covered  with  normal  epithelium.  It  differs  from 
ordinary  squamous  epithelioma  chiefly  in  the  small  size  of  the  cells,  in 
the  absence  of  prickle-cells,  in  the  slight  tendency  the  cells  show  to 
become  scaly  and  to  form  nests,  and  in  the  ease  with  which  the 
ejjithelial  colunnis  can  be  traced  (Fig.  79).  Some  authorities  believe  that 


Fig.  79. — Rodent  Ulcer  of  Nose.  The  patient  had  small  rodent  ulcers  of 
the  nose  and  cheek,  and  an  early  epithelioma  of  the  lip.  x  50. 
(Boyd.) 

rodent  ulcer  begins  in  the  root-sheaths  of  the  hairs  or  in  the  gland- 
epithelium  of  the  skin.  In  some  cases  having  the  characteristic  history 
of  rodent  ulcer,  the  structure  is  that  of  tj^Dical  squamous  epitheUoma. 

III.  Columnar  Epithelioma. 

The  terms  colmnnar  epithelioma  and  adenoid  cancer  are  applied  to 
those  forms  of  epithelial  cancer  which  grow  from  mucous  membranes 
with  columnar  (cylindrical)  epithelium — e.g.,  the  stomach  and  intestines, 
and  especially  the  rectum  and  uterus.  In  these  tumours  the  epithelial 
elements  are  similar  to  those  of  the  mucous  membrane  from  which 
they  grow.  They  are  cylindrical  in  shape,  and  are  arranged  jjer- 
pendicularlj'^  to  the  walls  of  the  alveoli  in  a  manner  precisely  analogous 
to  that  of  the  columnar  epithelium  on  the  mucous  surface  (Fig.  80). 
The  slower  the  growth,  the  more  typical  the  gland-formation.  In 
rapid  growths,  and  in  recun'ences,  the  cells  are  small  and  the  lumina 
imperfect.  The  latter  may  be  filled  u]),  and  the  growth  be  indistin- 
guishable from  acinous  cancer,  except  hy  its  edge,  where  a  low 
columnar  or  cubical  form  usually  persists  ;  but  this  too  may  be  lost. 
The  growths  are  of  a  soft  and  often  gelatinous  consistence  ;  they  show 
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a  marked  tendency  to  undergo  colloid  degeneration.  These  tumours 
cause  secondary  growths  in  tlie  lymphatic  glands,  and  sometimes  in 
the  liver,  lungs,  and  bones  :  the  secondary  tumours  possess  the  same 
characters  as  the  primary  cancers.  Columnar  epitheliomata  are 
generally  less  malignant  than  the  acinous  forms. 


Fig.  8o. — Columnar  Epithelioma.    From  the  colon,     x  loo. 


At  an  early  stage  the  growth  penetrates  the  muscularis  mucosae 
and  invades  the  deeper  structures,  thus  differing  from  an  adenoma. 
It  ulcerates  with  extreme  readiness. 

Colloid  Cancer. 

Colloid  cancer  is  simply  one  of  the  preceding  forms  which  has 
undergone  mucoid  or  colloid  degeneration.  Sarcomatous  and  other 
non-cancerous  growths  may  undergo  the  same  change. 

The  alveolar  structure  in  colloid  cancers  is  veiy  marked.  The 
alveoli  have  veiy  thin  walls  ;  they  are  large,  distinct,  and  more  or 
less  spherical  in  shape.  The  large  size  and  distinctness  of  the  alveoli 
is  owng  to  their  distension  by  products  of  degeneration.  These 
products  form  a  gelatinous  colloid  material,  which  is  glistening,  trans- 
lucent, colourless,  or  yellowish,  and  of  the  consistence  of  thin  mucilage 
or  size.  In  the  main  it  is  jjerfectly  structureless  ;  within  the  masses  of 
colloid  material,  however,  are  imbedded  varied  numbers  of  ei)ithelial 
cells  (Fig.  81).  These  cells  present  a  peculiar  appearance:  they  are 
large  and  spherical  in  shape,  and  are  distended  with  di-ops  of  the  same 
gelatinous  material  as  that  in  which  they  are  imbedded  (Fig.  81). 
Many  of  them  display  a  lamellar  surface,  their  boundary  being  marked 
by  concentric  lines.  It  would  appear  that  the  colloid  change  com- 
mences in  the  cells,  which  are  gradually  destroyed  in  the  process.  In 
other  cases,  indistinguishable  by  the  naked  eye, the  cells,  with  the  excej)- 
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tion  of  shght  fall.!/ degeneratio7i,are  but  little  affected,  and  the  substance 
distending  the  alveoli  is  more  viscid  and  mucoid  in  character.  This 
is  due  to  a  mucoid  degeneration  (p.  66)  of  the  intercellular  substance 
rather  than  to  a  colloid  change  commencing  in  the  cells. 

Colloid  degeneration  is  most  frequently  met  with  in  cancers  of  the 


Fig.  8i. — Colloid  Cancer.    Showing  the  large  alveoli,  within  which  is 
contained  the  gelatinous  colloid  material,     x  300.  (Rindfleish. ) 


abdomen,  especially  those  of  the  stomach,  intestine,  ovaiy,  and  peri- 
toneum. The  tendency  of  abdominal  tumours  to  undergo  colloid 
degeneration  is,  at  present,  unexplained. 


TERATOMATA. 

These  are  congenital  tumours  occurring  chiefly  as  projections  from 
the  sacral  region  {coccygeal  tumours),  or  from  the  head  or  neck — points 
at  which  double  monsters  are  often  united.  Sometimes  teratomata  are 
placed  within  the  abdomen  or  other  part  of  the  body  and  cause  no 
actual  projection.  Some  of  them  are  due  to  the  inclusion  and  imper- 
fect development  of  one  embryo  within  another ;  others  to  the  excessive 
and  disorderly  development  of  a  portion  of  the  tissues  of  a  single  foetus. 
Teratomata  are  most  complex,  and  may  contain  all  the  tissues  of  the 
body  up  to  ganglion-cells,  more  or  less  confusedly  mixed.  They  may 
be  very  large  at  birth,  or  may  not  attract  notice  till  later. 

Dermoid  Cysts  belong  to  the  same  group.  Their  walls  (Fig.  82) 
are  composed  of  skin  and  of  any  of  the  structures  ordinarily  arising 
from  skin.  All  varieties  of  connective-tissue  may  also  be  found  in  the 
walls.  The  cysts  contam  epithelial  products,  coils  of  long  hair,  teeth, 
and  even  bones.  They  may  occur  anywhere,  but  are  commonest  in 
the  ovaries,  testicles,  and  subcutaneous  connective-tissue.  In  many 
cases  they  seem  to  be  due  to  the  inclusion  of  a  piece  of  epiblast,  and 
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I-'IG.  Sz.— Dermoid  Cyst  of  the  Ovary.  Sliowing  all  the  structures  of 
true  skin  except  sweat-glands— viz. ,  epithelium,  rudimentary  papilla;, 
fibrous  tissue  or  cutis  vera,  hair  follicles,  and  large  sebaceous  glands. 
X  i8.  (Boyd.) 


Fig.  83. — Implantation-cyst,  in  abdominal  wall,  removed  on  the  supposi- 
tion that  it  was  a  recurrent  nodule  ot  a  growth  removed  by  laparotomy 
about  a  year  before.  It  was  probably  due  to  the  growth  of  a  frag- 
ment of  skin  which  had  been  inverted  at  the  time  of  the  operation 
and  severed  from  its  original  connections.     X  g. 

(From  a  specimen  by  Dr.  Rolleston.) 
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are  analogous  to  the  innplnntation-cysts  which  are  occasionally  produced 
by  the  inclusion  or  "  liealing  in  "  of  a  piece  of  skin  during  life  (l-'ig.  K.'j). 


CYSTS. 

In  addition  to  the  new  growths  already  described,  there  is  a  large 
class  of  formations,  many  of  which  cannot  be  regarded  as  "  tumours," 
in  the  strict  application  of  this  term.  These  are  tiie  njsts  or  a/slic 
tumours. 

A  cyst  is  a  cavity  containing  liquid,  gelatinous,  or  jjultaceous 
material,  which  is  separated  from  the  surrounding  structures  by  a  ni(jre 
or  less  distinct  capsule.  It  may  be  (1)  part  of  a  new-growtli ;  or  (Si)  a 
pre-existing  structure  which  has  become  distended  by  its  own  secre- 
tion, by  a  growth  from  its  lining  wall,  by  the  extravasation  of  blood  or 
other  fluid  into  it,  or  by  some  more  complex  process.  Onh-  a  minority 
of  these  come  within  the  category  of  new-growtlis ;  but,  for  the  sake 
of  convenience,  they  will  all  be  considered  together. 

The  accumulation  of  secretions  and  of  other  products 
within  pre-existing  cavities  may  be  effected  in  the  three  follow- 
ing ways : — 

(1)  By  the  retention  of  the  normal  seci'etion  owing  to  the  closure 
of  the  excretory  ducts,  as  so  often  occurs  in  sebaceous  glands  {i-etention- 
ajst). 

(2)  By  excessive  secretion,  the  cavity  being  unprovided  with  an 
excretory  duct,  as  in  the  distension  of  bursse. 

(3)  By  the  extravasation  of  blood  into  the  cavity,  as  in  the  sac  of 
the  tunica  vaginalis  (Jicemaiocele). 

The  independent  formation  of  a  cyst  may  take  place — 

(1)  By  the  softening  and  liquefaction  of  the  tissues  in  some  par- 
ticular part,  owing  to  mucoid  or  fatty  changes,  or  to  colliquative 
necrosis.  The  tissues  around  the  softened  matters  become  condensed, 
and  ultimately  form  a  kind  of  cyst-wall,  as  in  the  small  sub-chondral 
cavities  sometimes  seen  in  rheumatoid  arthritis. 

(2)  By  the  collection  of  fluid  in  certain  connective-tissue  sjiaces, 
and  the  subsequent  enlargement  and  fusion  of  these  spaces.  The 
surrounding  tissue  becomes  condensed,  and  forms  a  cyst-wall ;  and  this 
may  in  some  cases  become  lined  with  flattened  connective-tissue  cells 
(endothelium).    In  this  Avay  a.  falxe  burna  is  formed. 

(3)  By  the  formation  of  a  cyst-wall  round  foreign  bodies,  parasites, 
or  extravasated  blood  ;  the  wall  consists  of  fibrous  tissue,  and  is  the 
result  of  a  chronic  inflammation.  Smooth,  heavy,  sharp-edged  foreign 
bodies  are  particularly  liable,  during  the  process  of  "  healing  in."  to 
produce  cysts  of  this  character,  especially  wlien  tiie  j)arts  are  not  kej)t 
at  rest.  Salzer  has  suggested  the  artificial  introduction  of  sucli  sub- 
stances when  adhesions  are  feared  or  a  false  joint  desired. 
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STRUCTURE. — The  wall  of  the  cyst  will  vary  in  its  nature 
according  as  it  is  that  of  a  pre-existing  or  a  newly-formed  cavity.  In 
the  former  case,  it  will  possess  a  lining  which  will  present  the  same 
characters  as  that  of  the  gland,  serous  membrane,  or  other  structure 
from  which  the  cyst  originated.  If  the  cyst  is  of  independent  forma- 
tion, there  is  at  first  no  endothelial  lining  to  the  fibrous  capsule,  but 
one  may  develop  later,  as  in  false  bursae.  The  cyst-wall  is  sometimes 
firmly  connected  with  the  adjacent  parts,  so  that  it  can  only  with 
difficulty  be  separated ;  in  other  cases  the  union  is  much  less 
intimate.  Instead  of  being  a  distinct  structure,  it  may  simply  consist 
of  the  surrounding  tissue  which  hks  become  dense  and  fibrous  in 
character. 

The  contents  of  cysts  are  very  varied,  and  may  serve  as  a  basis  for 
their  classification.  In  the  retention-cysts,  they  will  vary  with  the 
nature  of  the  normal  secretion.  Serum,  sebaceous  matter,  saliva,  milk, 
seminal  fluid,  and  other  substances  are  found  in  these  cysts :  they  are 
more  or  less  altered  in  character  from  having  been  retained  in  a  closed 
cavity.  In  the  exudation-cysts,  serum  is  the  most  fi-equent  constituent ; 
and  in  extravasation-cysts,  blood.  In  those  cysts  which  originate  from 
the  softening  and  breaking  down  of  tissue,  the  contents  are  formed 
from  the  products  of  degeneration,  such  as  mucin,  fatty  matters,  and 
serum. 

Cysts  may  be  simple  or  compound.  A  simple  cyst  consists  of  a 
single  cavity  (locidus).  A  compound  or  multilocular  cyst  is  one  con- 
sisting of  numerous  loculi,  which  either  communicate  with  one  another 
or  remain  isolated.  Another  variety  of  compound  cyst  is  one  with 
endogenous  growths,  or,  in  other  words,  a  large  cyst  with  others  grow- 
ing in  its  walls.  A  compound  cyst  may  become  a  simple  one  by  de- 
struction of  the  walls  separating  individual  loculi. 

Cysts  are  frequently  associated  with  other  growths,  hence  the 
terms,  "cystic  sarcoma,"  "cystic  cancer,"  &c.  It  is  especially  in  those 
growths  which  originate  m  glandular  structures,  as  in  the  mamma, 
testicle,  and  ovary,  that  this  combination  is  met  with.  The  cystic 
development  may  almost  entirely  obliterate  the  structure  of  the 
tumour  in  which  it  takes  jilace,  so  that  ultimately  the  latter  may 
become  converted  into  a  mere  congeries  of  cysts,  as  in  comjwimd 
ovarian  cysts  and  cystic  kidneys.  In  other  cases  large  papillary  masses 
of  the  tumour  grow  into  the  cystic  cavities  {compound  jmlif'erous  cysts). 
Considerable  difficulty  in  determining  the  nature  of  the  original  growth 
is  thus  not  infrequently  experienced. 

SECONDARY  CHANGES.— These  may  take  place  in  the 
wall  of  the  cyst  or  in  its  contents.  The  cyst-wall  itself  may  become 
the  seat  of  new-growths,  and  produce  secondary  cysts,  villous,  glandular 
and  other  stmctures  :  this  process  occurs  in  many  compound  ovarian 
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cysts  (p.  116).  It  may  also  be  the  seat  of  an  inflammatory  process, 
which  terminates  in  su])])uration  and  granulation  ;  by  this  means  the 
cyst  frequently  becomes  obliterated,  its  contents  being  either  absorlied 
or  discharged  externally,  and  the  cavity  closing  by  granulation.  Cal- 
cification and  ossification  of  the  wall  may  also  occur.  The  coiUeiils  may 
become  altered  in  character,  thickened,  and  viscid.  Epithelial  elements 
undergo  fatty  changes,  and  so  give  rise  to  cholesterin  crystals.  Calci- 
fication of  the  contents  is  also  common. 


Fig.  84. — Sebaceous  Cyst,  c.t,  the  thin  connective-tissue  layer  forming 
the  outside  of  the  wall,  lined  by  a  thick  layer  of  epithelium  {<?).  The 
outer  cells  of  the  latter  layer  are  somewhat  cubical  ;  while  the  inner 
are  flattened,  and  are  succeeded  by  fatty  debris,  which  forms  the 
innermost  part  of  the  wall,  and  is  (/)  so  compressed  as  to  have  a 
fibrous  aspect.  (Boyd.) 

VARIETIES. — Cysts  may  be  most  conveniently  classified 
according  to  their  mode  of  origin,  thus  : 

I.  Cysts  foimed  by  the  accumulation  of  substances  within  the  cavities  of 
pre-existing  structures. 

(1)  Retention  Cysts. — Cysts  resulting  from  the  retention  of 
normal  secretions.    These  include  : 

a.  Sebaceous  Cysts. — These  are  formed  b}'  the  retention  of  sebum 
in  the  sebaceous  glands.  The  cysts  jjossess  a  \'crv  thin 
connective-tissue  wall  lined  by  stratified  epithelium  (Fig.  84). 
They  contain  a  mass  of  fatty  ei)itlu'lium  and  its  jiroducts, 
cholesterin  and  amorphous  debris.  Many  sebaceous  cysts 
are  really  neoplasms  and  classed  as  cystic  adcnomaia. 


b.  Mucous  Cijsts. — These  are  formed  by  the  retention  of  secre- 
tions in  the  ghmds  of  mucous  membranes. 

c.  Cysts  from  the  retention  of  secretions  in  other  parts,  incUiding 
ranula,  from  occUision  of  the  salivary  ducts  ;  encysted  hydrocele 
from  occhision  of  the  tubuU  testis ;  mammary  cysts,  from 
obstruction  of  the  lacteal  ducts ;  simple  and  some  compound 
cysts  of  the  ovary,  from  dilatation  of  the  Graafian  follicles  ;  and 
simple  cysts  of  the  kidneys  from  local  obstruction. 

(2)  Exudation  Cysts. — Cysts  resulting  fi-om  excessive  secre- 
tion in  cavities  unprovided  with  an  excretory  duct.  These 
include  bursa',  ganglia,  hydroceles,  meningoceles,  cystic  bronchoceles , 
and  many  cysts  in  the  broad  ligament. 

(3)  Extravasation  Cysts. — Cysts  resulting  from  extravasation 
into  closed  cavities.  These  include  hematocele,  and  some  other 
forms  of  sanguineous  cysts. 

II.  Cysts  of  independent  ongin. 

(1)  Cysts  from  Softening  of  Tissues. — These  are  esjie- 
cially  common  in  new  formations^  as  in  chondroma,  lipoma, 
sarcoma,  &c. 

(2)  Cysts  from  Extravasation  into  Solid  Tissues— e.o^., 
into  brain,  or  soft  new-growths. 

(3)  Cysts  from  Expansion  and  Fusion  of  Spaces  in  Con- 
nective-tissue— e.g.,  filse  bursa',  originating  from  irritation 
and  exudation  into  the  tissues. 

(4)  Cysts  formed  around  Foreign  Bodies,  Extravasated 
Blood,  and  Parasites. 

(5)  Congenital  Cysts. — Many  persistent  foetal  structures  (p.  7). 
Dermoid  cysts. 

(6)  Cysts  forming  part  of  the  growth  of  Parasites—"  cystic 
%\&g(t"—{Cysticercus  cellulosce.  Hydatids).  See  "Animal  Para- 
sites." 
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CHAPTER  V. 

HYPERTROPHY. 

With  the  exception  of  new-growths,  the  morbid  processes  thus  far 
described  have  been  attended  either  by  arrest  or  by  imjjairment  of 
nutrition  ;  there  remain  to  be  considered  those  in  which  the  nutrition 
is  so  changed  that  formation  exceeds  waste  and  increase  of  tissue  results. 
They  include  hypertrophy  and  repair. 

Hypertrophy  may  be  defined  as  "  an  increase  in  the  size,  weig/U,  arid 
functional  activity  of  a  part  hcyoud  the  limit  of  Jiealth,  due  to  an  orderly 
enlargernerd  or  midtijdication  of  all  its  normal  constituents."  From  this 
definition  it  will  be  seen  that  the  nature  of  the  process  is  strictly 
physiological ;  in  extent  only  it  is  pathological.  External  form  and 
minute  structure  alike  exhibit  a  smgle  change — that  of  size.  The 
weight  of  an  hypertrophied  organ,  however,  gives  the  most  reliable 
indication  of  the  extent  of  the  change.  Strictly  proportional  to  the 
increase  in  size  and  weight  is  that  in  work  done. 

The  terms  "false  hypertrophy"'  and  "pseudo-hypertrophy"  are 
used  to  indicate  that  the  increase  in  .size,  while  presenting  a  superficial 
resemblance  to  hypertrophy,  is  due  either  to  the  unequal  overgrowth 
of  the  tissue-elements,  or  to  the  growth  of  only  one  of  them — often  at 
the  expense  of  the  rest ;  and  that  there  is  no  increase  in  work  done. 
Thus  pseudo-hyperirophic  muscular  luiralysis  is  characterised  by  a  marked 
enlargement  of  certain  muscles,  due  to  an  increase  in  their  connective- 
tissue  elements,  accompanied  by  atrophy  of  the  muscular  tissue  and 
diminished  capacity  for  work. 

Hypertrophy  is  said  to  be  "  simple  "  when  due  to  an  increase  in  the 
size  of  the  tissue-elements  of  the  affected  part ;  "  numerical,"  when 
due  to  an  increase  in  their  number.  The  latter  is  also  called  hyper- 
plasia. These  terms  are  of  little  practical  value  ;  for  hyi5ertroj)hy  is 
in  nearly  all  cases  believed  to  be  numerical  ;  and  in  most  cases  it  is 
simple  as  well.  In  the  great  example  of  jjhysiological  hypertrophy — 
the  gravid  uterus — some  of  the  muscular  fibres  may  be  ten  times  their 
normal  size. 

.ffJTIOLOGY.— The  principal  factors  in  the  production  of  hyper- 

trojjhy  appear  to  be  (1)  increased  functional  activity,  and  (2)  e.rce.isivc 
mdritive  .supply.  Otiier  agents  to  which  more  or  less  importance  is 
attached  are  (3)  diminished  waste ;  (4)  removal  of  resistances  to  growth 
offered  by  neighbouring  or  controlling  tissues  {altered  tissue-tension) ; 
(5)  congenital  conditions,  such  as  an  increase  in  the  embryonic  rudiment 
or  an  excessive  vital  energy. 
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1.  In  a  large  number  of  cases  hypertrophy  seems  to  occur  as  a  re- 
sponse to  a  demand  which  has  arisen  for  increased  work.  An  example  of 
this  occurs  when  a  difficulty  arises  in  the  circulation.  The  difficulty  may 
be  due  to  a  narrowing  in  the  arterioles,  to  obstruction  at  one  of  the 
orifices  of  the  heart,  or  to  some  mterference  with  the  movements  of 
the  heart-walls  themselves,  such  as  may  be  caused  by  the  permanent 
adhesion  of  the  visceral  and  parietal  surfaces  of  the  pericardium. 
Under  the  altered  conditions  the  normal  blood-flow  can  only  be  main- 
tained by  increased  work  on  the  part  of  the  heart.  In  such  circum- 
stances it  generally  happens  that  in  proportion  as  the  difficulty  gradually 
makes  itself  felt,  so  the  part  or  parts  of  the  heart,  upon  which  the  extra 
work  required  falls,  gradually  hypertrophy  :  thus  the  increased  demand 
is  permanently  provided  for.  At  the  same  time  the  supply  of  blood 
through  the  coronary  arteries  is  also  increased.  It  would  seem,  indeed, 
that  tliis  is  the  connecting  link  between  the  increased  work  and  the 
production  of  the  hypertrophy  ;  for  if,  through  disease  of  the  coronary 
arteries  or  other  cause,  the  increase  in  the  supply  of  blood  to  the  heart 
cannot  be  effected,  the  requisite  hypertrophy  does  not  occur.  When 
hypertrophy  arises  in  this  way  it  is  termed  compennalory. 

In  some  instances  a  further  explanation  of  the  compensatory 
hypertrophy  of  the  muscular  walls  of  the  heart  seems  possible.  Re- 
gurgitation thi'ough  the  mitral  orifice  causes  over-distension  of  the 
left  auricle  and  stretching  of  its  muscular  walls,  as  well  as  overfulness 
of  the  supplying  pulmonary  vessels.  The  walls  of  the  auricle,  being  in 
the  position  of  an  overweighted  muscle,  will  subsequently  contract 
with  proportionately  increased  vigour,  and,  if  the  increased  work  is 
accompanied  by  a  proportionately  increased  blood-supply,  will  gradually 
hypertrophy.  The  increased  amount  of  blood  consequently  discharged 
into  the  left  ventricle,  just  before  its  contraction,  will  distend  the  latter 
cavity  and  stretch  the  muscular  fibres  in  its  walls  during  the  period  of 
their  relaxation,  and  will  lead,  therefore,  in  a  similar  way  to  hyper- 
trophy of  the  left  ventricle.  The  right  ventricle  will  also  undergo 
hypertrophy,  due  to  the  increased  work  done  in  forcing  the  blood 
through  the  lungs  into  the  left  side  of  the  heart. 

The  power  of  the  lieart  thus  to  hypertrophy  is  by  no  means  un- 
limited. One  source  of  limitation  is  very  clear  :  this  is  in  the  blood- 
supply.  If  in  any  way  the  quality  of  the  blood  deteriorates,  or  the 
coronary  vessels  become  rigid  or  partly  obstructed,  not  only  is  increased 
growth  an  impossibility,  but,  as  has  already  been  said,  fatty  degenera- 
tion will  inevitably  ensue  (p.  34).  The  other  ciiief  source  cf  limitation 
lies  in  the  "growing  capacity  "  of  the  cells.  When  the  original  disease 
is  of  a  progressive  character,  or  when  its  ravages  are  increased  by  the 
help  of  allied  diseases,  it  is  clear  that  there  must  come  a  time  when, 
even  though  the  coronary  circulation  be  apparently  adequate,  the 
inherited  capabilities  of  the  cells  will  fail,  and  growth  consequently 
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cease.    Little  is  known  concerning  this  inherited  growing  capacity 
hut  it  is  ;i  very  important  factor.    Probably  no  increase  of  the  blood- 
supjily  could  save  a  thymus  gland  from  atrophy  or  increase  the  number 
of  adult  ganglion-cells. 

When  muscle  contracts  frequently  against  a  moderately  increased 
load,  it  also  hypertrophie-s,  as  is  seen  in  training.  Frequent  contrac- 
tion alone  is  insufficient,  for  the  muscles  of  hands  used  actively,  but 
not  forcibly,  do  not  enlarge,  nor  is  frequent  micturition  in  pyelitis 
followed  by  thickening  of  the  muscular  walls  of  the  bladder.  If, 
however,  an  obstruction  occui-s  in  the  urinary  passages,  which  the 
bladder  can  overcome  by  more  jjowerful  contraction,  hypertrophy 
begins.  Other  examples  of  such  compemuton)  hypertrophy  may  be 
seen  in  the  walls  of  the  intestme  just  above  a  permanent  but  not 
impermeable  stricture,  or  in  those  of  a  vein  in  aneurysmal  varix,  or  of 
any  blood-vessel  through  which  an  abnormal  quantity  of  blood  is  forced. 

When  any  organ  is  removed,  or  prevented  from  fulfilling  its  ordinary 
fmiction,  other  organs,  which  take  on  its  work,  hypertrophy,  receiving 
the  blood  which  should  have  supplied  the  diseased  organ  as  well  as 
their  own.  This  is  best  seen  in  the  kidney  ;  rarely  in  the  testis  and, 
perhaps,  occasionally  in  the  lung.  The  power  of  hypertrophy  possessed 
by  a  glandular  oi-gan  is  only  complete  in  foetal  life.  If  one  kidney  be 
destroyed  before  birth,  the  other  will  grow  until  it  reaches  double  its 
normal  weight,  but  if  the  damage  occur  later,  the  increase  in  the 
surviving  organ  will  not  exceed  one-third  of  the  original,  and  the 
reserve  power  of  the  organ  will  accordingly  be  less.  Removal  of  one 
submaxillary  gland  is  not  necessarily  followed  by  hypertrophy  of 
other  salivary  glands  ;  this  occurs  from  more  frequent  stimulation  of 
their  secretory  nerves,  which  probably  produces  the  large  submaxillary 
glands  seen  in  epithelioma  of  the  tongue.  The  kidneys,  however,  are 
under  nerve-control  in  a  different  way  ;  they  seem  to  be  excited  to 
secrete  by  the  presence  in  the  blood  of  material  suitable  for  their 
secretion,  and  hypertrophy  naturally  results  from  a  continued  and 
marked  increase  in  the  supply  of  blood  contauiing  such  material — 
])resumably  the  products  of  tissue-metabolism.  Enlargement  of 
lymphatic  glands  has  been  noted  after  removal  of  the  spleen.  In- 
creased weight  thrown  on  a  bone  causes  thickening  of  it — e.g.,  of  the 
fibula  in  ununited  fracture  of  the  tibia. 

2.  Increased  nutritive  supply  has  already  been  considered  in 
part.  Attention  must,  however,  be  drawn  to  those  cases  in  whicli 
conlinued  hyperaemia  from  hard  use  and  slight  injuries  is  followed  b)' 
thickening  of  the  epithelium,  as  in  a  labourer's  hand.  Under  similar 
conditions,  a  corn  may  arise.  Increased  blood-sujjply  to  a  limb  may 
cause  lengthening  of  a  bone,  if  the  e])iphysis  be  ununited,  as  is  seen 
in  large  ulcers,  caries,  necrosis,  and  other  conditions  :  the  soft  ]«irts 
increase  secondarily.    Excessive  growth  of  hair  occurs  in  the  hyperaemic 
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zone  of  a.  chronic  ulcer  of  the  leg.  In  all  probability  increased  vascular 
supply  cannot  by  itself  give  rise  to  hypertrophy  of  any  but  the  least 
specialised  tissues. 

3.  Diminished  waste  is  not  a  common  cause  of  hy23ertrophy. 
The  sclerosis  of  bone  produced  by  small  doses  of  phosphorus,  the 
mcrease  in  size  and  strength  of  animals  treated  with  small  doses  of 
arsenic,  and  the  invigorating  eifect  of  this  drug  upon  Stp-ian  moun- 
taineers, may  perhaps  be  explained  by  diminished  waste. 

An  example  often  quoted  is  the  sub-involuted  uterus,  the  bulk  of 
which  is  made  up  of  hypertrophied  muscle  and  connective-tissue  with 
thick-walled  vessels,  but  it  is  doubtful  whether  chronic  inflammation 
is  not  largely  responsible  in  these  cases.  Uncut  hair  and  nails,  and, 
in  the  case  of  many  •  animals,  unopposed  teeth,  grow  till  their  vessels 
supply  only  nutriment  enough  to  maintain  them  in  their  finally 
attained  condition.  These  are,  however,  doubtful  examples  of 
hypertrophy. 

4.  The  removal  of  resistances  to  growth  is  difficult  to  ascer- 
tain. It  is  sometimes  mentioned  as  a  factor  in  the  production  of  such 
deformities  as  "  knock-knee  "  (genu  valguni)  :  here  excessive  pressure  is 
thrown  on  the  outer  articular  surfaces  of  the  femur  and  tibia,  whilst 
the  weight  borne  by  the  inner  surfaces  is  less  than  normal,  and  they, 
consequently,  grow  excessively.  This  explanation  is,  however,  in- 
compatible ^vith  the  occurrence  of  atrophy  of  the  tibia  in  ununited 
fractures  of  that  bone.  Many  scleroses  or  hypertrophies  of  connective- 
tissue  follow  upon  atrophy  of  the  essential  elements  of  an  organ  :  the 
natural  resistance  between  the  two  tissues  (tissue-tension)  has  been 
removed. 

5.  There  remain  certain  cases  in  which  the  aetiology  is  even  more 
doubtful  than  in  the  above.  These  are  (1)  cases  of  true  giant-growth, 
eg.,  hypertrophy  of  the  whole  body  (giants),  of  half  the  body,  of 
whole  limbs,  or  of  parts  of  limbs,  as  fingers  and  toes  :  such  parts  are, 
on  dissection,  normal,  except  in  size.  (2)  Cases  of  Jalse  giant-growth 
occur  in  Avhich  ,the  connective-tissue  alone  is  increased,  the  part  being 
often  misshapen  :  lymphatics  are  often  dilated,  and  the  blood-vessels 
may  be  naevoid.  Examples  are  met  with  especially  in  the  lip  (macro- 
cheilia),  tongue  (macroglossid),  and  lower  extremity  :  these  changes  are 
by  some  authorities  classed  as  Lymphangiomata  (p.  85).  Hypertrophy 
of  connective  tissues  and  surface-epithelium  may  result  from  an 
excessive,  though  slow  and  impure,  supply  of  blood.  In  some  of  the 
above,  which  are  congenital  or  appear  soon  after  birth,  there  may  be 
excessive  vital  energy  or  too  large  a  number  of  the  cells  form- 
ing the  rudiment  of  the  part  or  tissue. 

Nothing  is  known  of  the  causation  of  senile  hypertrophy  of  the 
prostate  ;  nor  of  the  enormous,  but  rare,  enlargement  of  the  female 
breast  which  may  occur  at  puberty. 
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CHAPTER  VI. 
INFLAMMATION  AND  REPAIR. 

Inflammation  is  a  clinical  term  of  great  age,  and  suffers  from  the  same 
disadvantage  as  other  clinical  terms  adopted  by  pathologists,  in  as 
much  as  each  successive  discovery  concerning  its  nature  necessitates  a 
wider  divergence  between  its  clinical  and  pathological  connotations. 
For  centuries,  inflammation  was  known  as  the  condition  characterised 
by  the  presence  of  redness,  swelling,  heat  and  pain — the  cardinal  signs  of 
inflammation.  Later  on,  two  others  were  added — tenderness  and 
impaired  function.  It  was  next  gradually  recognised  that  inflammation 
is  a  process  rather  than  a  condition ;  and  it  was  accordingly  defined  as 
the  "  succession  of  changes  Avhich  takes  place  in  a  living  tissue  as  the 
result  of  some  kind  of  injury,  provided  that  this  injury  be  insufficient 
immediately  to  destroy  its  vitality  "  (Sanderson). 

Modern  experiments  have  led  pathologists  to  consider  that  the 
processes  comprised  in  inflammation  represent,  and  can  best  be 
described  as,  the  reaction  of  the  tissues  to  irntation.  The  reaction  of 
the  tissues  under  such  circumstances  is  very  complex  and  varies  both 
with  the  irritant  and  with  the  tissue.  It  has,  therefore,  become  in- 
creasingly difficult  to  connect  and  classify  all  the  possible  manifesta- 
tions of  this  reaction.  To  avoid  these  difficulties  some  pathologists 
have  advocated  the  abolition  of  the  term  inflammation,"  on  the  ground 
that  it  deceives  by  suggesting  the  presence  of  a  single  process  which 
has  no  clearly  defined  existence.  This,  however,  appears  to  be  falling 
into  the  opposite  error ;  while  the  term,  in  the  meantime,  has  too  firm 
a  hold  on  pathological  conceptions  to  permit  of  its  being  so  readily 
discarded. 

In  this  chapter  we  shall  first  take  four  selected  instances  of  tissue- 
irritation  and  describe  the  phenomena  they  exhibit ;  then  proceed  to 
discuss  and,  as  far  as  possible,  to  explain  these  various  phenomena  ; 
and  finally  conclude  with  a  description  of  the  varieties  and  causation 
of  the  different  processes  which  are  at  present  regarded  as  inflam- 
matory, including  the  repair  of  the  damaged  tissues. 

REACTION  OF  TISSUES  TO  INJURY.  I — Simple 
Repair. — To  a  minute  spot  in  the  centre  of  the  anterior  surface  of  the 
cornea,  Senftleben  ajjplied  a  solution  of  chloride  of  zinc,  which  soaked 
through  the  dense  anterior  corneal  lamina  without  destroying  it.  By 
this  method  he  found  it  was  jwssible  to  kill  the  corpuscles  immediately 
underneath  the  affected  area  of  tlie  cornea  without  influencing  the 
marginal  vessels.    The  cornea  remained  quite  clear,  showing  no  naked- 
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eye  change ;  but^  on  the  third  day^  microscopic  examination  showed 
that  the  swollen  corneal  corpuscles  round  the  damaged  area  were 
shooting  processes  into  it.  By  normal  karyokinesis^  these  cells  gradu- 
ally replaced  those  destroyed  until  the  corneal  corpuscles  were 
completely  restored.  In  this  instance  of  tissue-reaction  we  have 
simple  destruction  on  the  one  hand  and  simple  regeneration  on 
the  other.  Instances  of  a  process  as  simple  as  this  are  difficult  to 
obtain. 


Fig.  85. — Small  Vein  in  Mesentery  of  Dog,  after  exposure  for  half  an 
hour  and  irrigation  with  salt  solution,  a,  red  corpuscles  ;  b,  leuco- 
cytes adhering  to  wall  of  vein  ;  c,  red  corpuscles  ;  d,  leucocytes 
which  have  escaped  from  vessel ;  e,  leucocyte  in  act  of  escaping  ;  f, 
fibrous  tissue,     x  340.    (Modified  from  Thonia. ) 

2.  Simple  Inflammation. — If  the  web  of  a  frog's  foot,  or  some 
other  piece  of  thin  transparent  tissue,  be  placed  under  a  microscope, 
and  the  part  imder  observation  be  touched  with  a  drop  of  chloroform 
or  other  volatile  irritant,  a  definite  series  of  changes  can  be  observed. 
The  first  of  these  is  a  distinct  dilatation  of  the  arterioles,  then  of  the 
veins,  and  about  an  hour  afterwards,  of  the  capillaries.  The  dilatation 
progresses  steadily  and  is  accompanied  by  some  increase  in  the  length 
of  the  vessels,  so  that  they  become  slightly  tortuous.  The  arterioles  are 
affected  most,  then  the  veins,  and,  least  of  all,  the  capillaries.  This 
enlargement  of  the  blood-vessels  is  at  the  onset  accompanied  by  a 
temporary  acceleration  in  the  flow  of  the  blood.  If  tlie  injury  has 
been  extremely  slight,  the  vessels  and  circulation  may  at  this  point 
gradually  return  to  the  normal ;  but,  in  the  large  majority  of  cases, 
by  the  time  the  dilatation  is  comijlete,  this  acceleration  begins  to  give 
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jjlfice  to  progressive  relardalioti,  the  vessels  still  reinaining  dilated. 
Pulsation  ean  now  be  observed  in  the  smallest  arteries ;  and  the  blood- 
stream is  slow  enough  for  the  observer  to  distinguisli  tlie  individual 
corpuscles  in  the  capillaries  and  smaller  veins,  and  sometimes  even  in 
the  arterioles.  The  retardation  of  the  blood-current  may  take  place 
rapidly,  and  is  always  first  observable  in  the  veins. 

As  the  blood-current  becomes  slower,  the  axial  stream  becomes 
broader ;  and  white  corpuscles,  in  increasing  numbers,  fall  into  the 
marginal  stream — rolling  slowly  along,  stopping  here  and  there,  and 
finally  coming  to  a  standstill  (Fig.  85).    Thus  the  smaller  veins  become 


Fig.  86. — Subcutaneous  Tissue  some  distance  above  dead  fart  in  a  Case  of 
Spreading  Gangrene.  Three  veins  packed  with  leucoc)tes  (/),  which 
are  escaping  freely.  Round  the  artery  (below)  there  are  none.  Out- 
side the  vessels  many  larger  cells  are  seen,     x  200. 

lined  with  leucocytes.  Somewhat  similar,  but  less  complete,  changes 
occur  in  the  capillaries.  In  the  meantime  the  distinction  between 
axial  and  marginal  streams  completely  disappears,  and  the  vessels 
become  filled  with  both  red  and  white  corpuscles  (Fig.  86).  Actual 
measurement  shows  that  the  vessels  may  be  at  least  one-fourth  larger 
than  natural.  After  a  time  all  onward  movement  ceases  in  the  capil- 
laries, and  their  contents  sway  to  and  fro  with  the  jjulse.  This  is 
known  as  the  stage  of  oscillation,  and  is  succeeded  by  that  of  siaxix,  in 
which  no  movement  of  any  kind  occurs.  In  the  severest  cases,  throm- 
bosis may  take  i)lace  ;  this  always  occurs  when  the  capillary  walls  are 
dead  (p.  1  .'i). 

If  a  small  vein  lined  by  leucocytes  be  carefully  watched,  some  of 
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the  leucocytes  immediately  adjacent  to  the  wall  can  be  seen  gradually 
sinking  into  it  and  passing  through  into  the  surrounding  tissues.  The 
actual  passage  of  the  leucocytes  through  the  wall  cannot  ordinarily  be 
observed.  Small  button-shaped  elevations  appear  on  the  outer  side  of 
the  wall  of  the  vessel.  These  gradually  enlarge,  assuming  the  form  of 
irregular,  pear-shaped  bodies  adherent  by  their  small  ends  to  the 
vessel-wall,  and  often  send  out  processes  whilst  so  attached  (Fig.  85). 
Ultimately,  the  small  pedicles  of  protoplasm  give  way,  and  the  corpuscles 


Fig.  87. — Acute  Rheumatic  Myocarditis,  associated  with  Endo-  and  Peri- 
carditis. The  tissues  around  the  artery,  seen  in  longitudinal  section, 
are  infiltrated  with  leucoc)'tes  ;  hasmorrhage  [h]  has  occurred  from 
the  longer  branch,     x  250.    (Mott. ) 


are  free  outside  the  vessel.  A  similar  escape  takes  place,  but  to  a  less 
extent,  from  the  capillaries  (diapedesis). 

As  a  rule,  in  inflammation  the  escape  of  white  corpuscles  greatly 
exceeds  that  of  the  red  (Fig.  87)  ;  but  in  some  cases,  in  which  almost 
complete  stagnation  is  induced  in  a  large  number  of  capillaries,  the 
usual  state  of  affairs  may  be  reversed  (Fig.  88).  From  such  capillaries 
the  red  corpuscles  pass  out  in  great  numbers — ^jrobably  between  the 
endothelial  cells — occupy  the  interstices  of  the  tissues,  and  give  the 
exudation  a  lia^morrhagic  character.  Several  may  escape  in  quick 
succession  from  one  place,  giving  rise  to  a  red  spot,  visible  to  the 
naked  eye  as  a  punctiform  haemorrhage  (Fig.  87).  No  gross  rupture 
of  the  vessel-wall  occurs,  as  may  be  shown  by  injecting  the  vessels. 
On  the  other  hand,  wlien  rclardalion  has  not  culminated  in  staais,  most 
red  corpuscles  remain  within  the  vessels  and  pass  along  through  the 
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inflamed  area,  wliilst  the  leucocytes,  adhering  to  tlie  walls,  become 
elongated  and  pear-shaped  from  the  influence  of  the  passing  blood- 
stream, as  just  described. 

Both  red  and  white  corpuscles  at  first  remain  near  the  vessels 
whence  they  have  escaped  ;  but  they  are  soon  ])ushed  away  by  other 
corpuscles,  or  washed  on  by  the  escaping  fluid.  The  white  corpuscles 
have,  in  addition,  their  own  peculiar  power  of  locomotion,  stimulated 
and  directed  by  the  chemical  products  in  the  neighbourhood  of  the 
irritation  (chcmotaxis,  p.  l65)  ;  for  this  reason  they  may  ultimately  be 
found  far  from  their  place  of  egress.  When  absolute  stasis  occurs  the 
emigration  of  corpuscles  ceases. 

While  these  visible  changes  are  in  progress,  a  much  larger  amount 


Fig.  88. — Deeper  layer  of  Cutis  and  Subcutaneous  Fat,  a  short  distance 
above  the  dead  fart  in  a  Case  of  Spreading  Gangrene.  The  inter- 
stices of  the  tissues  are  crammed  with  red  corpuscles,  among  which 
are  a  few  leucocytes,  c.t,  connective-tissue;/,  fat-cells;  r.c,  red 
corpuscles,    x  150.  (Boyd.) 

of  fluid  than  naturally  escapes  from  the  vessels  passes  into  the  sur- 
rounding tissues.  Moreover,  the  exuded  fluid  differs  in  composition 
from  the  normal  lymph.  The  greater  the  damage  to  the  vessels  the 
more  nearly  the  exudation  approximates  to  the  liquor  sanguinis,  and 
the  greater  the  number  of  corpuscles  it  contains  (Fig.  89). 

By  the  time  all  these  events  have  occurred,  the  in-itant  may  have 
disappeared,  and  the  consequent  vascular  changes  just  described 
have  begun  to  subside.  If  the  extreme  periphery  of  the  inflamed  area 
be  closely  watched,  the  corpuscles  of  the  .stagnant  blood  will  be  seen 
to  move  off  one  after  another,  until  a  slow  stream  is  re-established 
through  the  inflamed  area.  This  stream  quickens  as  resistance 
diminishes,  and  contraction  of  the  vessels  follows  the  gradual  recovery 
of  power  by  their  muscular  coats.  Exudation,  first  of  corpuscles,  then 
of  fluid,  ceases,  and  the  circulation  again  becomes  normal. 

The  cells  are  removed  mainly  by  the  lymphatics  ;  the  exuded  fluid 
also  escapes  by  the  lymphatics  and,  after  restoration  of  the  circulation. 
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by  the  veins  as  well.  In  the  later  stages  any  unremoved  blood-cor- 
puscles or  fibrin  undergo  fatty  degeneration,  and  thus  the  complete 
removal  of  the  inflammatory  products  is  much  facilitated.  Any 
endothelial  or  connective-tissue  cells,  which  may  have  been  destroyed 
by  the  irritant,  are  replaced  by  multiplication  of  the  surviving  cells, 
and  the  recovery  of  the  inflamed  tissue  is  complete. 


d' 


Fig.  89. — Coagulated  Lnflammatory  Exudation  into  Alveoli  oj  Lung  in 
a  Case  of  Acute  Pneumonia,  a,  alveolus  containing  fibrin-filaments 
and  a  few  blood-corpuscles ;  b,  alveolus  containing  a  larger  propor- 
tion of  corpuscles ;  c  and  d,  desquamated  alveolar  epithelium  ;  v, 
vein.     X  120. 


The  changes  which  occur  in  the  healing  of  wounds  invnish  goodi  illus- 
trations of  the  phenomena  of  inflammation  just  described. 

(1)  Healing  by  First  Intention. — If  an  incision  through  the 
skin  and  underlying  structures  be  made  by  a  sharjj  and  perfectly  clean 
instrument,  and  no  subsequent  infection  of  the  wound  be  permitted, 
the  following  changes  can  be  observed.  The  incision  through  the 
capillaries,  arterioles  and  venules  will  be  followed  by  a  small  amount 
of  haemorrhage,  and  the  damaged  vessels  will  dilate.  If  no  large 
blood-vessel  has  been  injured,  the  haemorrhage  will  quickly  cease,  as 
the  divided  vessels  become  plugged  by  thrombi — the  thrombosis 
extending  in  each  vessel  to  the  nearest  collateral  branch.  If  the  cut 
surfaces  remain  apart,  and  such  blood  as  may  have  collected  on  them 
be  removed,  they  will  gradully  acquire  a  shiny  or  glazed  appearance. 
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This  glaze  is  formed  by  exudation  of  fluid  and  cells  from  the  neifrh. 
bouring  vessels,  in  the  manner  just  described  as  occurring  in  tiie 
web  of  the  frog's  foot.  At  first  there  will  be  a  large  projjortion 
of  red  corpuscles  in  the  exudation,  but  this  proportion  will  raj)idly 


Fig.  90. — Healing  of  an  Incised  Wound  of  the  Skin  united  by  Suture — 
sixth  da)',  a,  epidermis;  b,  corium  ;  c,  fibrinous;  c' ,  hasmorrhagic 
exudate;  d,  newly-formed  epithelium,  containing  nimierous  karyo- 
kinetic  figures,  and  showing  epithelial  plug  projecting  into  exudate 
lying  beneath  ;  e,  karyokinetic  figures  at  some  distance  from  line  of 
incision  ;  f,  new  connective-tissue  growing  from  connective-tissue 
spaces  and  containing  cells  with  karj'okinetic  figures  and  blood- 
vessels with  growing  walls ;  g,  developing  connective-tissue  with 
leucocytes ;  collection  of  leucocytes  at  the  lower  angle  of  the 
wound ;  i,  fibroblasts  lying  inside  the  exudate ;  k,  sebaceous 
gland  ;  I,  sweat-gland,    x  75.  (Ziegler.) 

diminish  and  the  coagulating  fluid  will  then  become  clear  and  yellow. 
If  the  cut  surfaces  be  now  brought  into  exact  apposition  throughout 
their  whole  extent,  they  will  become  glued  together  by  the  exudation, 
some  of  which  will  infiltrate  the  tissues  in  the  immediate  neighbour- 
hood and  some  escape  between  the  edges  of  the  wound,  thus  reaching 
the  surface  of  the  skin.    If  the  wound  is  large  and  deej),  and  tiie 
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exudation  considerable,  it  is  necessary  to  provide  cliannels  to  facilitate 
the  escape  of  the  exudation.  The  same  events  will  occur  if  the  cut 
surfaces  be  brought  together  directly  the  bleeding  has  ceased. 

Microscopic  examination,  on  the  second  day  after  the  injury,  shows 
the  cut  surfaces  of  the  wound  connected  by  a  narrow  layer  of  coagulated 
exudation  and  leucocytes ;  while  the  tissues  in  the  immediate  neigh- 
bourhood of  the  incision  are  swollen  and  granular  and  much  infiltrated 
with  leucocytes.    These  ai-e  apparently  instrumental  in  removing  such 


Fig.         Laparotomy  sixteenth  day.    a,  epithelium  ;  h,  corium  ; 

c,  subcutaneous  fat ;  d,  vessels  in  scar-tissue  of  corium  ;  c,  newly- 
formed  epithelial  layer  ;  /,  vessels  in  subcutaneous  scar-tissue,  x  40. 
(.Modified  from  Ziegler. ) 

minute  portions  of  the  original  tissue  as  may  have  been  killed  by  the 
injury.  As  the  leucocytes  disappear  they  are  gradually  succeeded  by 
cells  derived  from  the  neighbouring  uninjured  connective-tissue ; 
while,  on  the  external  surface  of  the  wound,  the  epithelium  multiplies 
and  covers  the  edges  of  the  wound.  In  the  meantime  connections 
are  also  established  between  the  cut  vessels  in  a  manner  that  will 
subsequently  be  described  (p.  175).  All  these  changes  may  be  com- 
plete in  a  few  days— less  than  a  week— though  they  often  take  longer 
(Fig.  90) ;  but  if  the  cells  of  any  more  specialised  tissues  have  been 
destroyed,  their  regeneration,  if  it  occur  at  all,  will  not  begin  until  the 
repair  of  the  connective-tissue  is  complete  (Fig.  91). 
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This  form  of  liealing  will  not  occur  if  the  surfaces  of  the  wound 
are  left  gaping  siii)t'rficially,  or  are  separated  in  their  deeper  parts 
by  foreign  bodies,  blood,  or  any  considerable  quantity  of  exudation  ; 
nor  will  it  occur  if  the  surfaces  are  allowed  to  move  one  on  the  other  ; 
nor  if  any  considerable  portion  of  the  tissues  lias  been  destroyed  ; 
iKH-  if  ])yogenic  organisms  or  any  other  source  of  imtation  are 
admitted. 

It  often  happens  that  in  an  extensive  wound,  however  accurately 


Fig.  92. — A  Gm?iula/ing  Surface,  a,  layer  of  pus-cells  ;  b,  granulation- 
tissue  with  loops  of  blood-vessels ;  c,  commencing  development  of 
the  granulation-tissue  into  a  fibrillated  structure.  (Rindfleisch.) 
Diagrammatic. 

adjusted,  small  collections  of  blood-clot  will  be  found  here  and  there 
in  the  course  of  the  incision,  wherever  haemorrhage  from  an  imperfectly 
plugged  vessel  has  caused  separation  of  the  surfaces.  At  such  places 
the  healing  jirocess  is  somewhat  different.  The  vascular  changes 
already  described  will  occur  and  the  clot  will  thus  become  surrounded 
by  the  exuded  fluid  and  leucocytes  ;  the  latter  will  gradually  penetrate 
the  clot  and  destroy  the  red  corpuscles.  The  leucocytes  will  be  followed 
by  cells  derived  from  the  fixed  cells  and  plasma-cells  of  the  surround- 
ing connective-tissue  ;  and  the  organisation  of  tlie  mass  will  gi-adually 
follow  (i).  159). 
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(2)  Healing  by  Granulation. — ^If  the  cut  surfaces  of  the  original 
wound  are  permitted  to  remain  apart,  so  as  to  form  a  large  and  open 
cleft,  the  healing  process  is  much  slower.  The  glaze  on  the  surface 
of  the  wound  liquefies  and  disappears  ;  a  larger  amount  of  the  damaged 
tissue  dies  ;  a  greater  number  of  leucocytes  make  their  way  from  the 
vessels  to  the  surface  ;  and  the  vascular  phenomena  extend  over  a 
somewhat  larger  ai*ea. 


Fig.  93. — Granulatton-iissue  from  an  of  en  Wowid  with  Fibro-purulent 
Deposit,  a,  granulation-tissue;  b,  fibro-purulent  deposit;  c,  blood- 
vessels.    X  150.    (Ziegler. ) 

The  uninjured  connective-tissue  cells  situated  immediately  below 
the  wound  gradually  multiply,  and  at  the  same  time  new  capillaries 
develop  from  the  endothelium  of  the  nearest  surviving  vessels  (p.  175), 
and  form  loops  which  penetrate  into  the  layer  of  leucocytes  now  closely 
aggregated  in  the  most  superficial  stratum  of  the  wound  (Fig.  93). 
On  section,  a  few  days  after  the  injury,  there  may  be  seen,  immediately 
above  the  undamaged  tissue  at  tiie  base  of  the  wound,  numbers  of 
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fibroblasts  in  various  stages  supplied  with  developing  vessels,  and, 
superficial  to  this,  leucocytes  and  fibroblasts  arranged  round  the  summit 
of  the  capillar}'  loo])s  so  as  to  form  a  number  of  small  red  points  or 
granulations,  from  whicii  this  method  of  healing  takes  its  name.'  Tims 
the  wound  is  gradually  and  permanently  filled  up  by  the  multiplication 
of  the  surviving  connective-tissue  elements — plasma-cells  and  fixed  cells. 
As  the  granulation-tissue  reaches  tiie  level  of  the  skin,  the  epithelium 
at  the  surrounding  edge  multiplies  and,  gradually  extending,  covers  the 
intervening  space.  Many  of  the  new  blood-vessels  subsequently  become 
obliterated,  and  the  new  tissue,  known  as  xcar-lis.siie  (p.  iGO),  tliough  for 
a  time  pinker  in  appearance  than  the  surrounding  parts,  becomes  later 
on  whiter  and  denser  than  the  tissue  around  it.  Healing  by  granulation 
is  necessai-ily  a  much  slower  process  than  healing  b}'  first  intention  ; 
while  infection  by  micro-organisms  is  more  likely  to  occur.  The 
presence  of  organisms  on  the  surface  of  a  granulating  wound  will 
lead  to  the  death  of  many  of  the  leucocytes  and,  in  most  cases,  to  the 
formation  of  pus  (p.  158). 

(3)  Union  of  Two  Granulating  Surfaces. — When  two  surfaces 
have  gi'anulated  as  above  described,  they  may  sometimes  be  caused  to 
unite  if  brought  together,  thus  saving  much  of  the  time  which  would 
be  required  for  fiUmg  up  from  below.  The  presence  of  micro-organ- 
isms and  imperfect  drainage  wiU  prevent  such  union.  This  is  the  way 
in  which  abscesses  should  heal  when  their  walls  are  allowed  to  fall 
together  by  evacuation  of  the  pus  (p.  157). 

(4)  Healing  under  a  Scab. — This  form  of  healing  is  possible  when 
the  wound  is  small  and  the  exudation  forms  a  scab  as  it  dries  on  the 
surface.  It  is  not  common  in  Man,  except  in  superficial  abrasions.  The 
formation  of  granulation-  and  scar-tissue  takes  place  beneath  the  scab, 
as  also  does  the  inward  growth  of  epithelium.  When  the  surface 
beneath  the  scab  is  completely  covered  with  epithelium,  the  scab 
drops  off.  The  diy  scab  is  but  slightly  irritant  in  itself,  and  does  not 
putrety.  An  attempt  is  made  to  imitate  this  process,  when  wounds, 
such  as  those  leading  to  cavities,  are  closed  Avith  collodion ;  or  when 
blood  or  tincture  of  benzoin  on  lint  is  allowed  to  dry  and  occlude  the 
opening.  Such  treatment  is,  however,  dangerous ;  for  if  septic  or 
infective  organisms  have  entered  the  Avound,  they  \vill  probably  excite 
inflammation,  and  the  absence  of  drainage  will  be  most  prejudicial. 

3.  Suppurative  Inflammation. — If  a  portion  of  a  culture  of  the 
Staphylococcm  pijogencs  aureus  be  injected  into  the  subcuUmeous  tissue 
of  a  rabbit,  the  organisms  thus  deposited  will,  under  ordinary  circum- 
stances, multiply  and  produce  an  abscess. 

In  the  course  of  a  few  hours  vascular  changes,  precisely  similar  to 
those  described  in  the  preceding  section  can  be  obsers'ed  in  full  pro- 
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gress.  Considerable  numbers  of  leucocytes  of  the  large  uninucleated 
and,  later  on,  of  the  multinucleated  variety  (p.  164),  make  their  appear- 


FlG.  94. — Miliary  Abscess  in  a  Case  of  Septic-Embolism  of  the  Kidney, 
a,  leucocytes  advancing  towards  and  surrounding  b,  a  mass  of  cocci, 
in  whose  neighbourhood  all  trace  of  structure  has  disappeared ;  c, 
renal  epithelium  too  damaged  by  bacterial  products  to  take  the  stain  ; 
d,  kidney-tissue  staining  normally  ;  e,  vein  from  which  leucocytes  are 
making  their  way  to  the  commencing  abscess,    x  100. 


ance  in  the  affected  area.  Cocci  may  be  found  not  only  at  tlie  point 
of  inoculation  but  at  some  little  distance  from  it.    Some  will  be  lying 
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free  in  the  tissue,  but  most  will  have  been  taken  up  by  the  cells  of 
the  part — whether  leucocyteSj  fixed  connective-tissue  corpuscles,  or 
endothelial  cells  of  the  cajiillaries. 

During  the  next  twenty-four  hours  the  cocci,  on  the  one  hand, 
multiply  rapidly  and  j)ass  into  the  adjoining  lymph-spaces,  while  the 
multinucleated  leucocytes,  on  the  other  hand,  collect  in  increasing 
numbers  until  they  have  completely  surrounded  the  cocci  (Fig.  94). 

By  the  end  of  the  second  day  there  are  generally  several  central 
masses  of  cocci  imbedded  in,  and  surrounded  by,  a  well-defined  zone 
of  leucocytes.  The  portions  of  the  original  tissue  in  which  the  masses 
of  cocci  lie  do  not  stain,  for,  owing  to  the  proteolytic  action  of  the 
products  of  the  cocci,  all  vessels  and  other  evidences  of  structure  have 
disappeared,  except  the  multinucleated  leucocytes  with  which  the  area 
has  become  more  or  less  crowded.     Many  of  the  leucocytes  show 


Fig.  95. — Section  through  a  Small-pox  Pustule.  The  hornj'  layer  over 
the  centre  of  the  surface  has  disappeared,  and  the  free  edges  are 
shown.  A  mass  of  cells  is  seen  in  the  boundary  between  the  swollen 
Malpighian  layer  and  the  true  skin,  making  its  way  to  the  surface. 
Thus  the  actual  lesion  is  situated  wholly  in  the  epidermis,  while  the 
fluid  and  cells  have  passed  up  from  the  derma,  the  track  being 
shown.    (Compare  Fig.  96. )  (Boyd.) 

degenerative  changes  (fragmentation  of  nuclei),  but  in  none  of  them, 
or  of  the  tissue-cells  in  their  neighbourhood,  are  any  e\'idences  of 
repair  (karyoldnesis)  to  be  made  out  at  this  stage.  In  the  outer  part 
of  this  zone  the  tissue  is  also  crowded  with  leucocytes,  the  large 
uninucleated  variety  being  now  confined  to  the  periphery.  In  the 
extreme  periphery,  persistent  remnants  of  the  original  tissue-cells  may 
be  seen.  Beyond  the  actual  limits  of  this  mass  of  cocci  and  leucocytes 
{abscess)  the  vessels  are  dilated  and  present  the  vascular  changes 
previously  described ;  while  here  and  there  cocci  may  be  found  in  the 
lymph-spaces,  in  the  endothelial  cells  of  the  capillaries,  or  in  the 
interior  of  the  leucocytes. 

If  the  affected  area  be  examined  a  few  days  later,  further  changes 
will  be  seen  to  have  taken  place.  The  centre  of  the  abscess  consists 
of  cocci,  leucocytes  and  fatty  debris  in  an  albuminous  fluid  {pus). 
Around  the  pus,  which  is  immediately  encircled  by  a  zone  of  living 
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leucocji:es,  a  barricade  of  new  cells  consisting  mainly  oi  Jibroblasls 
(p.  1 59)  has  appeared,  and  in  it  a  series  of  new  capillary  loops  in  connec- 
tion with  the  neighbouring  and  pre-existing  vessels.  This  constitutes 
the  so-called  granulation-tissue  (p.  154),  and  forms  a  wall  in  which  there 
are  no  cocci  and  but  few  leucocytes. 

If  the  pus  and  the  surviving  cocci  be  completely  removed,  and  the 
entrance  and  growth  of  other  organisms  prevented  by  antiseptic  pre- 
cautions and  efficient  drainage,  the  cavity  will  disappear  by  the  gradual 
extension  of  the  granulation-tissue  towards  the  opening  until  the  walls 
meet,  assisted,  in  some  cases,  by  the  collapse  of  its  sides.  The  per- 
manent obliteration  of  the  abscess-cavity  is  ensured  by  the  union  of 
the  walls  and  by  the  development  of  the  constituent  fibroblasts  into 
cicatricial  fibrous  tissue. 


Fig.  96. — An  Abscess  in  the  Skin.  The  horny  layer  has  largely  dis- 
appeared, and  the  Malpighian  layer  is  pushed  upwards  by  the  sub- 
jacent abscess  {a).  The  mass  of  pus-corpuscles  is  just  breaking 
down  to  form  a  cavity,  the  walls  of  which  are  thickly  infiltrated  with 
similar  cells.    (Compare  Fig.  95, )  (Boyd.) 

If  left  unopened,  an  abscess  generally  extends  or  shifts  its  position. 
The  direction  of  its  advance  is  due  to  the  growth  of  the  cocci  and  the 
action  of  their  products  :  the  extension  is  marked  by  thrombosis  in  the 
dilated  vessels  and  necrosis  of  the  cells  they  supply,  as  well  as  by 
emigration  of  leucocytes  and  exudation  of  fluid  into  the  newly  affected 
area  just  beyond,  followed  by  a  progressive  repetition  of  the  changes 
just  described.  The  foi-mer  site  and  track  of  the  abscess  is  marked 
by  the  formation  of  granulation-tissue  and,  later  on,  of  cicatricial 
fibrous  tissue.  The  progress  of  an  abscess  is  rarely  arrested  until 
it  reaches  some  free  surface  or  open  cavity,  upon  or  into  which  it 
bursts.  On  section  of  the  wall  of  a  spreading  abscess,  all  the  stages 
of  inflammation  can  be  seen.  In  tlie  centre,  necrosis  ;  in  the  vessels, 
as  we  pass  outwards  from  the  centre,  thrombosis,  stasis,  retardation  of 
flow — diminishing,  and  perhaps  giving  place  to  acceleration,  before  tlie 
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normal  circulation  is  reached :  in  the  tissues  the  usual  exudation  and 
diapedesis  is  found  accompanying  tiie  retardation  of  the  blood-flow. 
This  account  explains  how  it  is  that  the  presence  of  redness,  lieat,  and 
oedema  over  a  deep-seated  swelling  leads  us  to  infer  the  occurrence 
of  suppuration  as  the  cause  of  the  swelling. 

Diffuse  suppuration  is  a  similar  process  going  on  over  a  wide 
area.  The  damage  to  the  tissues  is  often  more  intense  than  when  the 
phenomena  are  circumscribed,  and  it  is  by  no  means  uncommon  to  find 
shreddy  sloughs  in  the  pus,  for  the  effect  of  the  injury  on  some  portions 
of  tissue  is  so  great  as  to  cause  death  e?i  masse.  Diffuse  suppuration 
is  genei'ally  due  to  the  Streptococcus  pyogenes,  an  organism  of  exceedingly 
variable  virulence. 

Pus,  from  a  simple  abscess  occurring  in  an  otherwise  healthy  person, 
is  a  tliick,  creamy,  opaque,  yellowish-white,  sUghtly  \'lscid  fluid,  having 
a  faint  odour,  an  alkaline  reaction,  and  a  specific  gravity  of  1030  to 

1033.  It  contains  ten  to  fifteen  per  cent, 
of  solids,  of  which  two-thirds  are  proteid, 
and  the  rest  fatty  matter  and  salts,  such 
as  are  found  in  blood.  On  standing,  it 
separates  into  a  dense  yellow  layer,  pus- 
corpuscles,  and  a  clear  supernatant  fluid, 
liquor  puris.  Pus-corpuscles  are  for  the 
most  part  dead  leucocytes  of  the  multi- 
nucleated variety.  They  are  more  or  less 
granular  and  motionless  :  they  usually 
Jgifd7a'-  -  contain  a  tripartite  nucleus,  which  has 

Fig.        Multinucleated  Leucocytes  not  infrequently  undergone  degenera- 
from  Gmorrhaal  Pus.     Two  of  ti^g  fragmentation  (Fig.  97).    A  small 

them  contain  gonococci.    x  looo.        •  r  J.^        ii  i_     ^.-n  ^•  ■ 

minority  ot  the  cells  may  be  still  livuig 

and  retain  their  amceboid  movements.    These  are  the  more  recently 

migrated  leucocytes.  Acetic  acid  clears  up  the  cells  and  renders  obvious 

the  often  obscure  nucleus  (Fig.  98). 

On  rare  occasions,  if  all  the  bacteria  be  destroyed,  a  collection  of 

pus  may  become  encapsuled  bj'  the  uniform  ^ 

development,  round  the  fluid,  of  granulation-  ^  ^  ^ 

tissue  and  its  subsequent  change  into  fibrous  ^ 

tissue.  Such  pus  may  long  remain  encapsuled, 

its   corpuscles   breaking   down    into    fatty  Fig.  gB.— Pus-corpuscles  as  seen 
debris  ;  but,  as  a  rule,  the  fluid  part  is  ab- 
sorbed,  and  a  more  or  less  dry,  cheesy-     ^^eiij.  ^cid.    x  400. 
looking  mass,  consisting  of  cell-debris  and 

cholesterin  crystals,  is  left  in  the  capsule.  This  temimation  is  most 
commonly  met  with  in  the  so-called  chronic  abscess  of  tuberculosis. 

When  a  granulating  wound  is  infected  with  pyogenic  organisms, 
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the  superficial  cells  will  be  killed,  the  tissues  liquefied  and  pus  be 
foi-med  on  its  surface,  while  the  healing  process  will  be  consequently 
delayed.  If  the  growth  of  the  organisms  be  veiy  abundant  and  extend 
into  the  underlying  tissues,  the  same  phenomena  will  occur  as  in  the 
spread  of  an  abscess,  and  the  wound  consequently  become  larger.  This 
process  is  known  as  tdceration. 

4.  Proliferative  Inflammation. — In  many  cases,  when  the 
injury  to  the  tissue  has  been  slight  but  long  continued,  or  when,  from 
any  cause,  it  has  led  to  a  considerable  formation  of  granulation-tissue, 
the  inflammatory  process  may  end  in  the  formation  of  a  large  amount 
of  new  fibrous  tissue.  Spindle  cells  develoj)  around,  and  form  the 
walls  of,  the  capillary  loops  in  the  granulation-tissue  (p.  154),  and  from 
these  points  gradually  extend  through  the  new  tissue.  White  fibres 
seem  to  grow  from  the  periphery  of  these  cells,  while  the  cells  them- 
selves shrink  until  little  of  them  remains  besides  their  nuclei.  The  new 
fibres  also  contract  and  many  of  the  capillaries  become  obliterated.  Under 
these  circumstances,  the  inflammation  is  ievmedL  productive  or  proliferative. 

The  formation  of  this  tissue  is,  as  a  rule,  preceded  by  the  usual 
vascular  changes  (p.  145)  and  by  a  slight  emigration  of  leucocytes  ; 
and  one  of  the  most  difficult  problems  in  morbid  histology  has  been, 
and  still  is,  to  discover  how  far  the  succeeding  fibrous  tissue  is  formed 
from  the  migrated  leucocytes,  and  how  far  from  the  pre-existing 
connective-tissue  corpuscles. 

Among  many  important  experiments  which  have  been  devised  to 
solve  this  doubt,  those  of  Sherrington  and  Ballance  may  be  quoted. 
These  observers  constructed  chambers,  formed  of  two  slightly  separated 
circular  cover-glasses  with  their  edges  cemented  except  at  one  spot,  so 
that  nothing  could  enter  the  space  between  the  two  cover-glasses 
except  by  the  one  small  aperture  which  remained.  These  glass 
chambers  were,  with  strictly  aseptic  precautions,  placed  in  the  subcu- 
taneous tissue  of  dogs  and  were  removed  at  varying  periods.  In  some 
cases,  in  less  than  twenty-four  hours  after  the  cover-glasses  were 
placed  in  position,  leucocytes  had  entered  in  considerable  numbers 
and  had  distributed  themselves  all  over  the  enclosure.  Only  at  the 
point  of  entry  were  there  other  celh—j)las7na-cells,  ovjibroblasts.  These 
cells  differed  from  the  "pioneer"  leucocytes  in  that  they  were  larger, 
more  coarsely  granular,  and  possessed  a  single  clear  oval  nucleus.  In 
no  case  were  transitional  forms  seen.  The  original  leucocytes  were 
never  observed  to  undergo  any  but  degenerative  changes.  The  fibro- 
blasts, on  the  other  hand,  showed  greater  power  of  amoeboid  movement 
and  of  enclosing  corpuscles  than  the  original  leucocytes.  It  seemed 
evident  that  the  fibroblasts  were  the  mccessorn,  but  not  the  jrrogeni/,  of 
the  leucocytes  found  in  the  earUest  stages  of  inflammation.  Sherrington 
and  Ballance  considered  that  the  fibroblasts  were  one  of  tiie  normal 
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constituents  of  connective-tissue.  Metschnikoff  maintains  that  fixed 
connective-tissue  cells,  endothelial  cells,  and  the  large  uninucleated 
hyaline  variety  of  leucocytes  have  alike  the  power  of  giving  origin  to 
fibroblasts,  and,  therefore,  of  developing  into  fibrous  tissue.  At  the 
present  time  it  is  generally  conceded  that  the  fixed  cells  of  the  part — 
connective-tissue  corpuscles  and  endothelial  cells — take  the  princij)al 
share  in  the  formation  of  cicatricial  fibrous  tissue,  though  it  is  jwssible 
that  the  large  hyaline  leucocytes  (p.  164.)  also  take  some  part  in  the 
process.  In  the  tadpole,  the  formation  of  fibrous  tissue  from  leucocytes 
has  been  observed. 

The  new  connective-tissue  is  called  inflammatory  or  scar-tisstie, 
and  is  precisely  similar  to  that  formed  during  healing  by  granulation 
(p.  154).  At  first  it  is  highly  vascular,  just  as  a  recent  scar  is  redder 
than  the  surrounding  parts ;  and  the  tendency  to  contract  is  also 
characteristic  of  this  new  fibrous  tissue.  As  this  proceeds  the  vessels 
disappear,  and  the  scar,  in  the  course  of  some  weeks  or  months, 
becomes  white  as  compared  with  the  surrounduig  parts.  This  contrac- 
tion of  scar-tissue  may  produce  the  gravest  deformities,  as  after  severe 
burns ;  or  may,  by  pressure,  cause  atrophy  of  gland-cells  and  other 
parts,  as  in  syphilitic  cirrhosis  of  the  liver.  The  contraction  is  most 
marked  where  the  tissues  are  loose,  as  about  the  scrotum.  It  appears 
to  be  essential  to  the  process  of  healing,  for  a  callous  ulcer  of  the  leg 
will  cease  to  heal  if  contraction  of  the  new  tissue  be  prevented  by  the 
infiltration  of  the  surrounding  tissues  and  their  adhesion  to  deeper 
parts.  A  scar,  and  especially  a  tight  scar,  is  always  hable  to  secondary 
changes,  such  as  ulceration  or  overgrowth,  and  is  a  common  seat  of 
epithelioma.    The  tendency  of  scars  is  to  disappear  gradually. 

Granulation-tissue  does  not  always  develop  directly  into  scar-tissue. 
If  some  source  of  continued  irritation,  such  as  tubercle-bacilU,  be  present, 
or  if  the  vascular  supply  be  deficient,  the  process  may  be  aiTested  or 
delayed,  and  degeneration  follow.  Deficient  blood-supply  may  be  due 
to  insufficient  development  of  vessels,  diminution  of  their  lumina  (as 
occurs  in  gummata),  or  to  pressure  from  too  dense  packing  of  the  cells. 
It  has  been  found  that  imperfect  blood-supply  is  accompanied  by  the 
development  of  giant-cells ;  these  are  found  in  all  chronic  inflamma. 
tions.  A  giant-cell  system,  such  as  is  common  in  tuberculosis,  consists 
of  a  giant-cell  in  the  centre,  surrounded  by  fibroblasts ;  whilst  outside 
these  and  intermingled  with  them  is  usually  found  a  zone  of  leucocytes 
Fig.  99)-  In  gummata  and  lupus-nodules  similar  structures  are 
frequent.  A  section  through  the  thickened  synovial  membrane  in 
a  case  of  chronic  arthritis  often  shows  the  following  appearances : 
externally,  we  find  ordinary  granulation-tissue,  with  some  developing 
scar-tissue ;  passing  towards  the  joint-cavity,  we  next  find  a  Liyer  of 
formative  cells  in  which  giant-cells  become  increasingly  numerous,  and 
even  typical  giant-cell  si/stems  may  occur ;   nearer  the  joint,  yellow 
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spots  and  patches  of  fatty  degeneration  become  frequent ;  and  tlie 
surface  may  be  composed  of  granular  debris  in  which  cell-forms  are 
no  longer  distinguishable.  A  thin  puriform  fluid  may  occupy  the 
cavity ;  it  contains,  however,  very  few  pus-ceUs,  but  consists  mainly  of 
fatty  granules — formed  by  degeneration  of  the  superficial  cells- 
suspended  in  an  albuminous  fluid.  This  is  the  change  known  as 
chronic  suppuration  of  a  joint.  Chronic  abscesses  may  form  elsewhere, 
especially  m  connection  with  bone — e.g.,  in  caries  of  vertebrae.  When 
starting  from  bone,  the  puriform  fluid,  formed  by  the  degeneration 
of  the  granulation-tissue,  presses  upon  and  distends  the  surrounding 


Fig.  99. — A  Tubercle  from  a  Case  of  Tuberculosis  of  the  Liver.  A  multi- 
nucleated giant-cell  occupies  the  centre.  Around  is  an  area  of 
commencing  caseation  and,  outside  this,  a  zone  consisting  principally 
of  fibroblasts,  and,  to  a  less  extent,  of  leucocytes.  The  leucocytes 
are  most  numerous  on  the  side  where  the  caseation  is  most  advanced. 
X  250. 

tissues  and  converts  them  into  a  bag,  the  wall  of  which  yields  a  little 
pus.  The  proper  development  of  granulation-tissue  may  also  be  inter- 
fered with  by  infection  with  pyogenic  organisms,  as  already  stated 
(p.  158). 

II.  EXPLANATION   OF  THE  PHENOMENA.— We 

have  now  to  seek  the  exjilanation  of  the  various  phenomena  described 
under  the  four  instances  of  the  reaction  of  the  tissues  to  injury. 

Dilatation  of  the  blood-vessels  with  acceleration  of  the  blood 
current  may  probably  occur  in  two  ways,    (l)  Irritation  of  a  sensory 
nerve  is  well  known  to  cause  dilatation  of  the  arterioles  in  its  own 
area  of  distribution.    The  action  of  an  iiTitant  not  sufficiently  intense 
to  paralyse  the  vessels  at  once  will  stimulate  the  sensory  nerves  and 
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cause  this  reflex  local  dilalation  over  a  larger  area  tlian  tliat  niecliaiiic- 
ally  daniacred.  Tile  arterioles  dilate  ;ind,  the  blood-pressure  being 
maintained,  a  larger  quantity  of  blood  is  admitted  to  their  capillaries, 
which  cannot  dilate  projjortionately.  The  blood-))ressure  in  the 
capillary  areas  is,  ceteris  jmnhi/.s;  raised  in  proportion  to  the  increase  in 
the  cross-section  of  the  sujiplying  arterioles.  Under  these  circum- 
stances, acceleration  of  stream  will  accompany  dilatation  of  vessels.  The 
walls  of  the  latter,  being  uninjured,  may  contract  after  such  dilatation. 
(2)  Cohnheim  found  that  dilatation  of  the  vessels  in  the  frog's  tongue 
followed  irritation  even  after  section  of  all  the  nerves,  indeed  of  every- 
thing except  the  lingual  arteries  and  veins.  The  dilatation  may  then  be 
due  to  direct  action  of  the  initant  upon  the  local  vascular  tiei-voiis  nyntem, 
which  maintains  a  certain  "  tone  "  in  the  vessels  even  after  section  of 
the  sympathetic.  Dilatation  of  arteries  diminishes  the  resistance  to  the 
flow  of  blood,  injuiy  of  endothelium  increases  it.  If  the  former  is  in 
excess  of  the  latter,  acceleration  of  the  blood-flow  will  occur.  The 
acceleration  is  not  seen  in  a  part  severely  injured,  nor  as  the  result 
of  the  slow  action  of  croton-oil  on  a  part.  The  acceleration  is  most 
marked  in  the  outlying  parts  of  the  inflamed  area. 

Dilatation  of  the  blood-vessels  with  retardation  of  the  blood- 
current. — Retardation  soon  follows  upon  acceleration,  though  the 
driving  force  continues  unaltered,  and  no  contraction  of  vessels  has 
occurred. 

That  this  retardation  is  not  due  to  any  chaiige  in  the  blood  is 
absolutely  certain,  for  (1)  not  only  do  the  corpuscles  behave  in  a 
perfectly  noi-mal  manni;r  just  before  they  reach,  and  directlj-  after 
they  leave,  the  affected  area  ;  but  further  (2),  if  the  blood  be  replaced 
by  milk  or  other  fluid,  before  the  inflammation  is  induced,  precisely 
the  same  dilatation  and  retardation  ■will  occur.  Almost  the  only  con- 
ceivable cause  of  slowing  is,  therefore,  increased  local  resistance,  due 
to  alterations  in  the  vessel-wall.  We  know  that  in  inflammation  the 
endothelial  cells  swell,  throw  out  processes  and  exhibit  phagocytic 
powers.  By  the  necessaiy  molecular  changes  the  cells  may  easily  become 
more  sticky,  as  well  as  present  a  rougher  sui'face,  and  thus  give  rise 
to  increased  friction.  The  rapid  passage  of  fluid  out  of  the  vessels 
may  also  assist  in  delaying  the  blood-stream.  Our  knowledge  con- 
cerning the  cause  of  dilatation  and  retardation  is  still  very  imperfect. 
Both  of  these  phenomena  may  depend  in  some  measure  on  the 
chemical  influence  of  the  same  substances  that  attract  the  leucocj^es 
into  the  surrounding  tissues  {chcmotaxis,  p.  l65). 

Exudation  of  Fluid. — To  show  this,  Lassar  tied  a  cannula  into  a 
large  lymphatic  of  each  hind  leg  of  a  dog.  He  then  stopped  the 
circulation  in  one  leg,  and  dipped  this  into  hot  water  (l.'50°  F.),  thereby 
exciting  acute  inflammation.  On  removing  the  obstruction  the  lymj)h- 
stream  from  the  cannula  at  once  exceeded  tlie  normal,  and  soon 
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reached  eight  times  that  on  the  sound  side.  At  first  the  fluid  was 
clear,  but  after  a  time  increasing  numbers  of  white  corpuscles  made 
it  cloudy,  and  red  corpuscles  were  also  found  in  small  numbers. 
Swelling  of  the  foot  began  while  the  flow  of  lymph  was  free, 
evidently  because  the  exudation  was  too  rapid  to  be  conveyed  away 
by  the  lymph-channels  alone,  even  when  fully  dilated.  Later  in  the 
experiment  the  flow  diminished,  partly  because  exudation  diminished 
as  pressure  on  the  vessels  (from  effusion  beneath  the  skin)  rose,  and 
partly  from  coagulation  in,  and  consequent  blocking  of,  lymphatics. 
The  lymph  collected  differed  from  the  exudation  fluid  in  passive 
hyperaemia  in  containing  a  much  larger  projjortion  of  proteid,  and  in 
having  a  much  greater  tendency  to  coagulation.  This  latter  property 
varies  ynt\\  the  number  of  white  corpuscles  which  it  contains.  The  lymph 
in  Lassar's  experiment  differed  fi-om  liquor  sanguinis  in  containing  less 
proteid  and  having  a  slighter  tendency  to  coagulate.  The  comjjosition  of 
injlammatory  effusion,  however,  is  not  constant.  In  the  most  acute  inflam- 
mations it  contains  a  large  number  of  red  corpuscles  ;  in  less  severe 
forms  white  corpuscles  are  greatly  in  excess  of  red.  In  the  more  acute 
inflammations  the  fluid  approaches  plasma  in  its  composition  and 
tendencies  ;  whilst  in  the  less  severe  it  becomes  very  like  the  fluid 
in  passive  hyperaemia.  It  also  vai'ies  according  to  the  part  from 
which  it  comes.  A  mild  degree  of  pe?itoneal  inflammation  will  produce 
an  effusion  containing  a  larger  proportion  of  proteid  than  a  far  more 
severe  inflammation  limited  to  the  leg  (p.  192).  Inflammatory  exudation 
is  generally  coagulable.  Absence  of  coagulation  may  depend  on  the 
action  of  some  restraining  substances  such  as  albumoses,  or  on  the 
solution  of  the  fibrin  by  some  ferment. 

The  increased  exudation  is  attributed  to  an  increased  permeability 
of  the  vessel-wall  and,  to  a  less  extent,  to 
changes  in  the  capillary  pressure :  the 
latter  is  a  doubtful  factor. 

The  exudation  in  an  internal  organ 
gives  rise  to  distension ;  in  the  sub- 
cutaneous tissue,  to  oedema  (Fig.  100)  ;  on 
a  mucous  surface,  to  a  sticky  fluid  contain- 
ing mucin,  or  to  a  firm  fibrinous  layer  on, 

and  sometimes  in,  the  lining  membrane ;  on  Fig-  -loo.—Inflammaiory  (Edema  of 

P        .         .  1  .                  a   -js  Skin.    The  large  spaces  shown 

a  serous  surface,  to  a  tmn  serous  nuia,  a  ,       °,        ,  .  n  ■  j 

'  were  nlled  with  the  exuded  fluid. 

fibrinous  deposit,  or  a  purulent  accumu-      ^  aj.  (Boyd.) 
lation. 

The  result  of  the  exudation  is  to  flush  the  part,  thereby  diluting 
and  often  distributing  the  irrifcmt — the  first  a  beneficent,  the  second 
a  baneful,  effect.  The  exudation  has  also  an  antagonistic  chemical 
effect  on  bacteria,  due  largely  to  the  products  of  the  disintegrated 
leucocytes  which  it  contains. 
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Emigration  of  Corpuscles — It  has  already  been  iwiiited  out 
that  the  escape  of  red  corpu.icles  is  a  purely  passive  process,  and  is 
practically  of  the  same  nature  as  an  ordinary  ha-morrliage.  With 
regard  to  the  leucoajles,  the  process  is  more  coni])licated.  and  it  is 
necessary  to  distinguish  between  the  parts  played  by  the  different 
kinds.  There  are  many  classifications  of  leucocytes  :  that  proposed  by 
Kanthack  and  Hardy  is  a  convenient  one,  and  will  be  adojjted  here. 
According  to  these  observers,  the  colourless  corijuscles  may  be  divided 
into  the  six  following  varieties. 

(1)  Lymphocyles. — These  are  small  immature  leucocytes  formed  in 
the  lymphatic  glands.  They  consist  mainly  of  a  nucleus  with  a  small 
encircling  mass  of  protoplasm  ;  they  do  not  possess  amoeboid  move- 
ments, and  are  not  phagocytic  (p.  l66).  They  fonn  about  thirty  per 
cent,  of  the  total  number  of  leucocytes. 


Fig.  iot. — Leucocytes  from  Normal  Blood,  a,  lymphocyte  ;  ^,  hyaline 
leucocyte ;  c,  coarsely  granular  leucocyte ;  d,  finely  granular 
leucoc}'te.    (See  LeucocythEemia. ) 

(2)  Hyaline  Leucocytes. — These  are  large  uninucleated  cells  with 
clear  protoplasm.  In  the  lower  animals  they  are  frequently  met 
with  in  the  coelomic  fluid ;  they  possess  amoeboid  movements  and  are 
phagocytic.  In  the  blood  they  rarely  form  more  than  two  per  cent, 
of  the  total  number. 

(3)  Coarsely  Gramdur  Oxyphile  Leucocytes. — These  are  the  eosinophilc 
cells  of  Ehrlich.  They  have  a  large  nucleus — often  kidney-shaped  or 
horseshoe-shaped.  The  protoplasm  is  highly  refractive,  and  contains 
coarse  granules  staining  with  eosin  and  other  acid*  aniline  dyes. 
They  possess  amoeboid  movements,  but  are  not  phagoc>i:ic.  They 
are  almost  as  rare  in  the  blood  as  the  hyaline  cells,  seldom  exceeding 
four  per  cent.  They  are  generally  the  first  cells  to  ajjjiear  in  an 
inflamed  area,  and  are  probably  identical  Avith  the  wandering  cells 
normally  present  in  connective-tissue. 

(4)  Finely  Granular  Oxyphile  Leucocytes. — These  are  the  neutrophilc 
cells-  of  Ehrlich,  and  are  generally  known  as  the  multinucleated  leucocytes, 
although  the  nucleus  is  really  a  single  body  consisting  of  three  lobes 
or    branches.    The    protojjlasm    is    finely  granular.     The  cells  are 


*  By  an  acid  dye  is  meant  a  salt  in  which  the  staining  property  is  due  to  the  acid 
radicle,  and,  conversely,  by  a  basic  dye,  a  salt  in  whicli  the  dye  is  associated  with  the 
base. 
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amoeboid  and  phagocjrtic.  They  generally  form  between  fifty  and 
sixty  per  cent,  of  the  leucocytes  in  the  blood.  Pus-cells  consist 
almost  wholly  of  these  leucocytes. 

(5)  Coarschj  Granular  Basiphile  Leiicoci/tes  {Mast-cells). — These  corre- 
spond in  their  appearance^  habitat,  and  non-phagocytic  projjerties  witii 
tlie  third  variety,  difFeiing  only  in  their  staining  affinity  and  larger  size. 

(6)  Finely  Granular  Basiphile  Leucocytes. — These  correspond  in  the 
same  way  with  the  fourth  variety  but  are  somewhat  smaller.  Thej^ 
form  less  than  five  per  cent,  of  the  total  number  of  leucocytes. 

The  power  of  amcsboid  movement  ordinarily  possessed  by  leucocytes 
is  sufficient  to  enable  them  to  leave  the  blood-stream  and  to  find  their 
way  into  the  tissues  in  inflammation.  That  the  process  of  emigration 
is  not  a  passive  one  is  shown  by  the  facts  (l)  that  these  corpuscles 
pass  out  long  before  any  others  ;  (2)  that  their  amoeboid  movements 
may  be  observed  both  before  and  after  they  leave  the  vessels  ;  (3)  that 
lymphocytes,  which  do  not  possess  amoeboid  movements,  are  not  found 
among  the  emigrated  cells  ;  and  (4)  that,  although  absolute  cessation 
of  the  circulation  generally  causes  arrest  of  diapedesis,  in  some  cases 
(tadpole)  this  is  not  so. 

We  have,  however,  still  to  inquire  (1)  why  leucocytes  collect  in 
the  vessels  of  an  inflamed  area  ;  (2)  why  they  tend  specially  to  pass  out 
at  that  place  ;  and  (3)  what  is  the  result  of  their  emigration. 

(1)  It  has  been  proved  experimentally  that,  if  the  velocity  of  the 
circulation  be  gradually  reduced,  the  leucocytes  and  the  blood-jilatelets 
are  the  first  constituents  of  the  axial  stream  which  tend  to  fall  into 
the.  periaxial.  It  is  uncertain  why  this  occurs.  That  it  is  not  due  to 
the  low  specific  gravity  of  the  leucocytes  seems  clear ;  for  if  their 
specific  gravity  be  artificially  increased,  by  the  ingestion  of  particles 
of  vermihon,  the  tendency  to  margination  is  in  no  way  alfected.  Once 
in  the  periaxial  stream,  itself  moving  at  a  slower  rate  than  the  axial, 
the  leucocytes,  rolling  along  the  side  of  the  presumably  roughened  wall 
of  the  vessel,  will  naturally  tend  to  lag  behind  and  to  get  in  the  way 
of  those  most  recently  brought  by,  and  deposited  from,  the  axial  stream. 
Probably  the  principal  force  causing  their  detention  in  the  periaxial 
stream  is  the  same  as  that  which  attracts  them  through  the  walls  of 
the  containing  vessels. 

(2)  It  is  well  known  that  the  mere  presence  of  particles  of  metaUic 
copper  in  the  tissues  of  a  part  (anterior  chambers  of  the  eye)  will  cause 
leucocytes  to  collect  in  the  neighbouring  vessels,  to  pass  through  the 
vessel-walls,  and  to  approach  the  seat  of  the  metallic  jiarticles.  This 
attractive  power  is  known  as  chemolaxis.  It  seems  to  be  possessed  by 
the  diff"usible  substances  produced  by  most  pathogenic  bacteria  during 
their  growth  in  the  tissues. 

There  are  two  groups  of  exjierinients  which  are  capable  of  exjjlana- 
tion  on  this  hypothesis.    In  tiie  Jirst,  various  organisms  and  chemical 
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substances  liave  been  introduced  into  the  tissues — generally  in  glass 
tubes,  subsequentl}'  broken  ///.  xitu.  As  a  result,  various  degrees  of 
inflammation  and  consequent  diapedesis  have  occurred,  certain 
organisms  leading  to  the  aggregation  of  special  kinds  of  leucocytes. 
In  some  instances  the  subsequent  introduction  of  some  other  subsbmce 
has,  by  its  repellent  action,  arrested  the  emigration  already  in  j)rogress 
(iiegalive  chemola.ris).  Thus  Metschnikoff"  has  shown  tliat  if  a  frog's 
mesentery  be  moistened  with  a  solution  of  quinine  no  diapedesis  will 
occur,  though,  from  their  subsequent  behaviour,  it  can  be  shown  that 
the  leucocytes  are  not  paralysed.  By  the  .secofid  group  of  experiments 
it  lias  been  shown  that,  if  substances  possessing  a  positive  chemotactic 
influence  be  introduced  into  the  circulation  and  subsequently  into  the 
tissues,  their  usual  effect  will  by  this  means  be  neutralised  and  no 
emigration  result.  It  seems  to  follow,  therefore,  that  the  aggregation 
and  emigration  of  leucocytes  at  an  inflamed  spot  are  due  to  the  attrac- 
tive influences  of  certain  substances  existing  in  greatest  quantity  in 
the  part  to  which  the  corpuscles  make  their  way ;  while  the  vascular 
changes,  including  the  dilatation  of  the  vessels,  the  lowered  rate  of  the 
blood-stream,  the  margination  of  the  leucocytes,  and  the  changes  in 
the  vascular  endothelium,  are  mainly  due  to  the  action  of  the  same 
substances  and  are  valuable  accessories  in  the  process  of  diapedesis. 

(3)  Attention  has  already  been  directed  to  the  observation  that  the 
coarsely  granular  uninucleated  eosinophile  leucocytes  are  the  first  to 
appear  in  a  suppurating  area.  Though  these  .have  no  power  of 
phagocytosis,  they  have  been  observed  to  apply  themselves  to  bacteria 
and  to  discharge  their  eosinophile  granules^  while  the  bacteria,  thus 
brought  into  contact  Avith  them,  degenerate.  It  has,  therefore,  been 
inferred  that  these  leucocytes  have  some  secretory  properties.  In  the 
process  just  described  some  of  the  leucocytes  are  destroyed,  and  it  is, 
therefore,  also  jiossible  that  the  products  of  their  dismtegration  maj' 
possess  bactericidal  properties.  This  is  confirmed  by  the  observations 
(1)  that  leucoc3rtes  contain  a  nuclein  which  is  known  to  be  a  bacteri- 
cidal substance,  and  (2)  that  inflammatory  exudations  are,  in  general 
terms,  bactericidal  in  projjortion  to  the  number  of  leucocytes  they 
contain. 

While  it  seems  tolerably  certain  that  the  leucocytes,  by  their 
secretion  and  by  the  products  of  their  disintegration,  exert  an  inimical 
action  on  at  least  some  forms  of  bacteria,  it  is  still  more  unquestionable 
that  this  is  not  the  only  defensive  power  possessed  by  leucocytes.  It 
has  long  been  shown  that  foreign  substances  entering  amoeba;  may  be 
in  some  cases  digested  by  them,  and  in  others  may  lead  to  their 
death.  It  has  been  shown  by  many  recent  observers,  but  es])ecially 
by  Metschnikoff,  that  the  hyaline  and  multinucleated  leucocytes  also 
possess  the  same  power  of  taking  into  their  interior  living  bacteria  and 
of  thus  destroying  them  (phagoci/lo.six).  The  greater  the  virulence  of  the 
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bacteria  the  less  marked  is  this  power  of  the  leucocytes,  and  the  less 
rapidly  is  it  exercised.  Moreover,  the  power  of  reaction  on  the  part 
of  the  leucocytes  is  subject  to  variation,  for  cultures  of  similar  virulence 
do  not  produce  the  same  results  in  all  individuals  belonging  to  the 
same  species.  In  this  way  the  multinucleated  and  hyaliiie  leucocytes 
are  enabled  to  combat  and  destroy  living  bacteria  as  well  as  to  remove 
dead  and  degenerating  products  of  cell-action. 

If  the  leucocytes  are  not  attracted  to  the  seat  of  the  bacteria,  neither 
their  chemical  nor  phagocytic  action  will  come  into  play ;  and,  unless 
some  germicidal  influence  is  exerted  by  the  tissues,  the  bacteria  will 
multiply  and  become  disseminated,  giving  rise  to  generalised  disease. 

Clinical  Signs  of  Simple  Inflammation. — These  are,  redness, 
heat,  swelling,  pain,  tenderness,  and  impaired  f  unction. 

Redness  and  Heat  may  be  considered  together,  as  they  both  depend 
upon  the  quantitij  of  blood  passing  through  the  pa?i  in  a  unit  of  time. 
As  a  rule,  this  quantity  of  blood  is  increased,  the  excess  being  most 
marked  in  the  early  stage  of  the  process,  when  the  part  is  bright- 
red  and  hot.  While  most  of  its  vessels  are  dilated,  the  velocity  of  the 
blood-stream  through  them  is  not  apjareciably  delayed ;  but  as  retarda- 
tion supervenes,  the  quantity  of  blood  passing  through  the  part  is 
diminished.  Cohnheim  excited  inflammation  in  one  foot  of  a  dog,  and 
then  measured  the  blood  retui-ning  through  both  femoral  veins.  At 
first  the  delivery  from  the  injured  side  was  excessive,  sometimes  more 
than  twice  the  normal ;  but  when  diffuse  suppuration  or  sloughing  was 
induced,  and  the  circulation  in  a  large  area  consequently  delayed,  the 
delivery  became  markedly  less  than  normal.  Such  a  part  is  colder 
than  normal,  and  bluish  if  its  vessels  are  dilated  and  full,  but  mottled  or 
pale  if  they  are  compressed  by  exudation.  In  most  inflammations  the 
increased  circulation  in  the  outlying  vessels  is  more  than  sufficient  to 
compensate  for  the  retardation  and  stasis  in  the  most  injured  parts ; 
consequently,  the  delivery  from  the  veins  remains  excessive  throughout, 
and  the  part  is  red  and  hot.  Both  redness  and  heat  may  be  concealed 
if  normal  tissues  cover  the  inflamed  part.  The  skin  of  an  inflamed  foot 
may  appear  to  be  several  degrees  hotter  than  that  of  its  fellow,  but  its 
temperature  will  never  equal  that  in  the  rectum.  An  inflamed  jileurn 
is  never  any  hotter  than  its  fellow,  and  may  be  colder.  The  local  rise 
of  surface-temperature  is  due  merely  to  more  rapid  circulation  of 
arterial  blood ;  excess  of  heat  is  not  produced  in  the  part. 

Swelling,  beyond  the  most  trivial,  wliich  may  be  due  to  dilated 
vessels,  is  the  result  of  exudation  of  fluid  and  corpuscles.  It  may  be 
entirely  owing  to  fluid,  as  in  hydrocele ;  or  entirely  owing  to  small 
round  cells,  the  fluid  having  been  absorbed,  as  in  orchitis.  It  varies  in 
aniount  with  the  distensibility  of  the  part,  being  most  marked  in  such 
tissues  as  the  scrotum  and  eyehds,  and  least  marked  in  bone.  When 
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due  to  fluid  (injiammalorij  oedema)  the  affected  part  "  pits  "  on  ])ressure, 
unless  it  is  very  tensely  stretched.  Swelling  from  cell-infiltration  is 
firm,  does  not  pit,  and  is  sometimes  called  xolid  cedema.  In  cases  of 
slight  inflammation,  in  which  the  lymijhatics  suffice  to  carry  away  the 
increased  exudation,  there  may  be  no  perceptible  swelling. 

Pain  and  tendemexs  are  due  to  pressure  of  the  exudation  oti 
nerve-endings,  perhaps  also  to  chemical  initalion  of  them.  They  vary 
directly  with  he  sensitiveness  and  the  tension  of  the  part,  as  well 
as  with  the  rapidity  of  the  effusion  into  it,  as  is  seen  in  acute  suppura- 
tion in  a  digital  tendon-sheath.  Pain  is  often  throbbing  from  the 
increase  of  tension  produced  by  each  heart-stroke.  The  influence  of 
increase  of  pressure  in  producing  pain  is  well  shown  by  allowing  an 
inflamed  part^to  hang  down. 

Impaired  funclion  is  due  to  the  fact  that  every  inflamed  tissue  is 
injured.  It  is  proportional  to  the  damage  of  the  essential  cells  of  the 
aifected  part. 

Fibrosis. — Reference  must  be  made  at  this  place  to  the  origin 
of  the  fibrous  overgrowth  which  is  frequently  met  with  in  many  organs 
of  the  body. 

It  was  Jbiynerlij  assumed  that  all  such  Jibrous  tissue  was  infiammatory 
in  origin — the  result  of  long-continued  slight  irritation — and  that 
the  atrophy  of  the  gland,  muscle,  and  nerve-cells,  respectively 
associated  mth  it,  was  due  to  the  contraction  of  the  cicatricial  tissue 
thus  formed.  But  in  the  case  of  the  nervous  system  there  are  strong 
reasons  for  believing  that  the  atrophy  of  the  nerve-elements  precedes 
the  development  of  the  fibrous  tissue,  and  is  due  either  to  defects  in 
the  blood-supply,  or  to  the  direct  action  of  such  poisons  as  sj^hilis  and 
alcohol.  That  the  fibrous  growth  is  not  inflammatory  in  its  origin  is 
clear  from  the  facts,  (1)  that  it  is  exactly  limited  to  the  definite  nerve- 
tracts  and  shows  no  tendency  to  spread  beyond  them,  or  to  follow  the 
distribution  of  the  blood  or  lymph  vessels ;  (2)  that  it  is  extremel}* 
gradual  in  its  growth ;  and  (3)  that  it  follows  the  experimental 
destruction  of  the  higher  parts  of  the  central  nervous  system.  The 
fibrous  overgrowth  in  such  cases  is  probably  due  to  the  increased 
vascular  supply  available  for  the  skeletal  tissue  after  atrophy'  of  the 
nerve-elements  ;  but  to  some  extent  it  is  more  apparent  than  real,  and 
due  to  the  increased  concentration  and  Wsibilitj^  of  the  pre-existing 
connective-tissue,  which  necessarily  follows  the  shrinking  of  the  atro- 
phied i)arts. 

On  the  other  hand,  many  forms  of  fibrosis  are  clearly  inflammatory. 
Thus  the  cicatricial  tissue  succeeding  granulation-tissue  in  wounds, 
enclosing  parasites  and  infarcts,  or  occurring  ingummataand  tubercular 
lesions,  forms  the  final  stage  of  inflammatory  processes. 

The  position  of  the  fibrosis  occurring  in  the  liver  (cirrhosis)  and  the 
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kidney  (granular  contracted)  is  still  disputed,  and  will  be  referred  to 
when  these  diseases  are  described.  Adami  considers  that  non-inflam- 
matory fibroses  are  due  to  the  effect  on  pre-existing  fibrous  tissue  of 
(1)  increased  arterial  supply,  (2)  venous  congestion,  and  (3)  lymphatic 
obstruction. 

III.  VARIETIES  or  INFLAMMATION  It  has  been 

shown  that  necrosis  and  degeneration  form  the  earliest  changes  in  the 
tissues,  and  that  repair  and  regeneration,  always  more  marked  in  the 
connective  and  least  orgcmised  tissues,  form  the  final  stage.  Between 
these,  in  point  of  time,  when  vascular  tissues  are  involved,  are  the 
series  of  changes  in  the  vessels  and  surrounding  tissues  involving 
various  disorders  in  the  circulation,  but  especially  a  marked  emigration 
of  leucocytes  and  still  more  mai-ked  exudation  of  fluid.  These  various 
phenomena — damage,  exudation,  repair — do  not  exist  in  the  same 
proportion  in  every  instance  of  inflammation.  Sometimes  the  necrosis 
and  degeneration  are  very  marked,  while  the  vascular  changes  and  the 
subsequent  repair  are  comparatively  slight.  In  other  cases,  particularly 
when  surfaces  of  tissue  are  affected,  the  exudation  of  fluid  and  the 
escape  of  leucocytes  are  the  princijjal  changes.  In  other  examples, 
especially  where  the  connective-tissues  are  involved,  the  proUferation 
of  existing  tissues  is  more  marked  than  the  degenerative  or  the  vascular 
phenomena.  For  these  reasons  Leber  has  suggested  a  useful  classifica- 
tion of  inflammation  into  three  varieties.  (1)  Degenerative,  as  in  acute 
parenchymatous  nephritis ;  (2)  Exudative  or  Iiifiltrative,  of  which  suppu- 
ration is  the  best  example, 'but  which  also  includes  catarrhal,  croupous, 
diphtheritic,  serous,  fibrinous  and  all  acute  forms  of  "  surface  "  inflam- 
mations ;  and  (3)  Proliferative,  of  which  verrucose  endocarditis  may  be, 
according  to  Leber,  taken  as  the  type. 

When  in  the  sections  on  special  organs  the  various  instances  of  in- 
flammation are  considered,  the  value  of  this  classification  will  be  apparent. 
In  the  meantime  it  is  unwise  to  draw  over  much  distinction  between 
these  different  varieties,  as,  while  they  are  founded  upon  the  different 
phenomena  which  are  known  to  occur,  it  does  not  follow  that  in 
every  case  our  present  judgment  of  the  relative  prominence  of  the 
different  changes  is  accurate  and  final.  For  the  further  consideration 
of  the  varieties  of  exudative  and  infiltrative  inflammations,  reference 
should  be  made  to  the  chapter  on  diseases  of  mucous  and  serous 
membranes. 

IV.  -ffiTIOLGOY  OF  INFLAMMATION  As   in  the 

case  of  other  morbid  conditions,  there  are  two  factors  in  the  inflam- 
matory process,  (1)  the  irritant  and  (2)  the  tissues  upon  whicii  it  acts. 
Tile  causes  of  inflammation  are,  therefore,  divisible  into  exciting 
and  predisposing.    Sometimes  the  exciting  cause  is  so  powerful 
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that  no  ])vedis])osition  is  necessary,  but  not  infrequently  the  exciting 
cause  only  gives  rise  to  inflammation  when  the  resisting  power  of 
the  tissues  to  the  irritant  in  question  has  been  lowered.  This 
impairment  of  resisting  power  is  the  work  of  the  predispoiing  causes, 
and  it  may  be  eitlier  iniierited  or  acquired  (p.  2).  It  is  obvious 
that,  in  cases  where  predisj)osition  is  necessary,  the  condition  of  the 
tissues  is  as  essential  to  the  production  of  an  inflammation  as  is  the 
presence,  of  the  exciting  cause  itself :  the  seed  and  the  suitable  soil 
are  alike  necessary  to  produce  the  plant. 

With  regard  to  the  nature  of  the  exciting  cause  or  irritant,  it  is 
always  some  chemical,  mechanical,  or  other  physical  agency.  Simple 
deprivation  of  blood-supply,  leading  to  the  formation  of  injurious 
products  of  disordered  metabolism  in  the  surrounding  tissues,  is 
enough.  If  the  exciting  causes  be  of  sufficient  strength  and  be  con- 
tinued for  a  sufficient  time,  they  cause  actual  necrosis  of  the  jiart ; 
and  inflammation  is  limited  to  a  narrow  margin  of  the  Uving  tissue  at 
its  line  of  contact  with  the  dead. 

Difficult  as  it  is  to  discover  the  cause  of  many  inflammations,  we 
should  bear  in  mind  the  veiy  obvious  fact  that  no  injlammalion  ever 
mises  without  a  cmise,  sijnple  or  coiiiplex.  A  spreading  injlamviaiion  is  due 
to  a  qireading  cause  j  and  a  persistent  injlammation  (chronic)  implies  the 
persistent  action  of  its  came. 

1.  Simple  or  Traumatic  Causes. — These  include  any  very 
evident  injurious  agencies,  such  as  mechanical  violence,  caustic  and 
irritating  chemicals,  excessive  heat  or  cold,  electricity  strong  enough 
to  produce  electrolysis  of  the  fluids  of  the  part,  and  prolonged  local 
anffimia  with  consequent  privation  of  nutriment.  It  is  characteristic  of 
inflammation  from  these  causes  alone,  that  it  has  no  tendency  to  spread 
beyond  the  jxu't  originally  injured  nor  to  pass  on  to  more  advanced  stages 
after  the  causes  have  ceased  to  act.  It  is  well  known  how  shght  are  the 
inflammatory  changes  induced  by  very  severe  .mbculaneous  injuries,  even 
though  bones  be  broken  and  the  capsules  of  joints  torn  ;  and  how 
limited  is  the  inflammation  when  similar  injuries,  communicating  with  the 
atmosphere  (e.g.,  compound  fractures)  are  treated  in  such  a  way  (anti- 
septically)  as  to  exclude  all  infective  causes.  In  animals,  the  effects  of 
each  of  these  irritants  can  be  accurately  studied.  Hiiter  injected  a 
five-per-cent.  solution  of  nitrate  of  silver,  or  a  similar  .solution  of 
chloride  of  zinc,  into  the  muscles  and  other  tissues  of  animals,  and  thus 
killed  the  part  acted  on.  In  a  large  number  of  the  cases  the  inflam- 
mation was  practically  limited  to  the  zone  immediatelj'  surrounding 
the  dead  tissue.  Other  experiments  were  made  by  jilunging  a  cautery 
into  a  muscle  (Hallbauer)  and  bringing  the  previously  divided  skin 
together  over  the  injured  pai't,  antiseptics  being  used.  Only  such 
changes  occurred  round  the  eschar  as  take  place  in  the  absorption  of 
a  simple  infarct  and  its  replacement  by  fibrous  tissue.     Here.  then,  we 
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have  examples  of  the  most  severe  mechanical,  chemical,  and  physical 
injuries  killing  considerable  masses  of  tissue.  In  each  case  the  action 
of  the  irritant,  though  intense,  is  localised  and  of  short  duration. 
Certain  parts  are  killed  absolutely,  and  inflanunation  is  limited  to  a 
narrow  area  surrounding  these.  So  soon  as  the  irritant  has  ceased 
acting,  the  tissues  tend  of  themselves  to  recover  ;  hence  inflammation 
excited  by  such  causes  as  the  above  reaches  its  height  very  sooii  after 
the  introduction  of  the  irritant,  and  soon  subsides  unless  some  fresh 
irritant  is  superadded.  This  is  frequently  seen  after  the  infliction  and 
proper  treatment  of  a  clean-cut  wound  by  a  sharp  knife  (j).  149).  A 
chemical  irritant  may  enter  the  body  at  a  distance  from  the  part  at 
which  its  chief  action  takes  place  :  thus  alcohol  taken  by  the  mouth 
is  concerned  in  the  pi-oduction  of  cirrhosis  of  the  liver ;  and  turpen- 
tine or  cantharides  may  in  the  same  way  cause  inflammation  of  the 
kidneys. 

In  this  group  come  inflammations  which  are  referred  to  cold  and 
wet — "rheumatic"  and  "reflex"  inflammations.  When  a  man  gets 
conjunctivitis  from  the  action  of  a  draught  upon  his  eye,  the  rela- 
tion between  cause  and  effect  is  easily  comprehensible  ;  but,  except 
on  the  hypothesis  of  greater  delicacy  of  nerve-tissue,  it  is  not  quite 
so  easy  to  understand  why  inflammation  of  the  facial  nerve  should 
ensue  from  exposure  to  cold,  whilst  a  great  thickness  of  superficial 
tissue  seems  uninjured.  But  this  difl^culty  becomes  much  greater 
when  internal  organs  (lungs,  kidneys)  become  inflamed,  apj^arently  in 
consequence  of  cold  acting  upon  the  surface,  or  of  wet  feet.  In  these 
cases  any  effect  produced  by  cold  may  generally  be  regarded  as  pre- 
disposing. We  know  that  surface-cold  drives  the  blood  to  internal 
organs  and  raises  the  blood-pressure.  Can  this  produce  inflammation  ? 
Lassar  plunged  rabbits,  shorn  of  fur,  into  iced  water  and  thoroughly 
chilled  them ;  he  found  changes  in  all  the  organs,  especially  the  lungs 
and  liver.  In  these  the  vessels  were  often  greatly  dilated,  the 
arteries  thrombosed,  and  the  veins  surrounded  by  patches  of  round 
cells.  When  the  animals  were  pregnant,  the  same  changes  were  noted 
in  fcetal  organs.  He  believed  the  changes  to  be  due  to  the  irritant 
action  of  cooled  blood  upon  the  vessels  of  internal  parts.  Perhajjs 
something  of  the  same  kind  may  occur  in  man,  as  the  result  of  a  chill, 
although  a  locux  minoris  redslenlice  or  the  presence  of  organisms  must  be 
assumed  to  explain  why  the  kidney  in  one  case,  and  the  lung  in 
another,  is  affected.  Frequent  exposure  to  cold  might  then  be  re- 
garded as  a  cause  of  chronic  nephritis  ;  for  the  temporary  albuminuria 
induced  in  some  people  by  a  cold  bath  shows  that  in  them  the  kidneys 
may  be  easily  damaged. 

It  is  held  by  some  that  exccsswc  J'uncliunal  actiiilij  is  a  direct  cause 
of  inflammation— conjunctivitis  from  overwork  being  the  usual 
examj)le. 
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Nervous  influence,  called  into  action  by  irritative  lesions  of  nerve- 
trunks,  is  sometimes  regarded  as  a  direct  cause ;  herjjes  zoster  being 
the  favourite  instance  out  of  many  which  might  be  quoted  as  more  or 
less  probable  examples.  The  data  are  not  yet  sufficient  to  decide  the 
question. 

2.  Infective  Causes. — In  a  very  large  number  of  the  inflam- 
mations met  with  in  practice  tiiere  has  been  no  obvious  mechanical, 
chemical,  or  physical  injury.  In  the  chapter  on  vegetable  jjarasites, 
evidence  will  be  given  to  show  that  some  of  these  inflammations 
are  due  to  the  action  of  fungi.  The  growth  of  these  organisms 
in  the  tissues  gives  rise  to  mechanical  and  chemical  irritants,  pro- 
ducing inflammation  in  the  same  way  as  do  the  agents  which  liave 
been  mentioned  as  causes  of  simple  inflammation.  But,  as  long  as 
the  fimgi  grow  in  the  body,  a  contimmis  supply  of  tlie  products  of  their 
life-action  is  kept  up.  These  products,  continuously  spreading  through 
the  tissue,  will  accordingly  give  rise  to  a  spreading  inflammation.  The 
products  of  different  fungi  vary  enormously  in  their  power  of  injuring 
the  tissues — some  producing  actual  necrosis,  others,  varied  degrees  of 
inflammation.  If  the  irritant  is  tolerably  intense,  some  variety  of 
fibrinous  inflammation  is  induced,  just  as  by  chloride  of  zinc  ;  when 
a  strong  irritant  produces  a  proteol5rtic  ferment,  suppuration  results. 
If  the  irritant  is  less  intense,  the  early  stages  of  proliferative 
inflammation  result,  as  in  tubercle  and  leprosy.  The  characteristic 
lesion  of  these  and  some  other  diseases  is  a  tumour-like  inflam- 
matory nodule  developed  round  a  spot  at  which  parasites  liave 
lodged,  and  whence  they  may  spread  and  infect  neighbouring  and 
distant  parts.  Diseases  characterised  by  these  lesions  are,  therefore, 
often  spoken  of  collectively  as  the  Infective  Graiudomafa,  a  name 
signifying  infective,  tumour-like  formations  of  granulation-tissue. 

It  would,  however,  be  a  great  error  to  suppose  that  the  presence  of 
organisms  capable  of  producing  irritant  products  is  invariabh'  sufficient 
to  cause  inflammation.  We  have  already  pointed  out  that  the  resistance 
of  the  tissues  must  always  be  taken  into  account ;  moreover,  the  role 
of  organisms  in  the  production  of  inflammation  will  be  influenced  by 
their  detention  in  the  tissues,  by  any  local  or  predisposition  in  the 
tissues,  by  the  anatomical  characters  of  the  part  and  other  considera- 
tions.   These  subjects  are  discussed  in  Chapter  IX. 

Etiology  of  Suppuration. — In  clinical  medicine  and  surgery  sujipu- 
ration  is  invariably  due  to  the  action  of  bacteria  (p.  154),  but  there  is 
reason  to  believe  that  suppuration  is  possible  in  experimental  pathology 
without  the  action  of  organisms.  If  glass  capsules,  containing  croton-oil 
or  turpentine,  are  placed  aseptically  in  the  subcutaneous  tissue,  and  the 
capsules  broken  when  the  wound  is  soundly  healed,  sup|)uration 
results,  and  no  organisms  are  found  in  the  pus  (Cheync,  Councilman). 
Grawitz  and  Scheuerlen  have  produced   acute    aseptic  (free  from 
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organisms)  suppuration  by  tlie  injection  of  cadaverine  and  putrescine 
—alkaloids,  separated  by  Brieger  from  putrid  flesh.  These  sub- 
stances are  not  only  irritants  but  also  possess  proteolytic  (peptonisino) 
powers.  ^'^ 

MODES   OF   SPREAD   OF  INFLAMMATION.-An 

inflannnation  which  is  cliaracterised  by  a  tendency  to  spread  will 
always  be  found  to  be  of  parasitic  origin.  Clinically,  inflammations 
spread  by  continuity  of  tissue,  by  the  lymphatics,  or  by  the  blood- 
path.  Micro-organis?m,  having  settled  at  a  spot,  can  spread  thence, 
very  much  as  is  the  case  with  malignant  growths,    (l)  They  may 


Fig.  102. — Small  portion  of  a  Muscle  near  Shoulder,  from  a  Case  of 
Sarcoma  of  the  Head  of  the  Humerus,  showing  passage  of  small 
round  cells  (probably  sarcomatous)  along  the  "lines  of  least  resist- 
ance," as  in  diffuse. inflammation.    Where  the  cells  are  thickest  the 
muscle-fibres  are  obscured  or  have  disappeared.  (Boyd.) 

push  their  way  along  the  paths  of  least  resistance  as  they  grow,  or  be 
carried  for  short  distances  by  the  exudation  from  the  vessels,  by  the 
ordinary  lymph-streams  or  by  leucocytes  which  have  taken  them  up — 
spread  of  the  inflammation  by  "  continuity  of  tissue  "  resulting  in  each 
case  (Fig.  102).  (2)  They  may  be  carried  by  the  lymph-stream  long 
distances  from  the  primary  focus.  Conveyed  in  this  way,  they  are 
usually  arrested  in  the  first  lymjjhatic  gland  they  reach.  Here  they 
often  excite  a  secondary  inflammation  without  having  caused  any 
trace  of  inflammation  between  the  primary  focus  and  the  gland — the 
organisms  passing  easily  through  the  lymphatic  vessels,  but  becoming 
arrested  in  the  sinuous  channels  of  the  gland,  jjrecisely  like  the 
particles  of  pigment  which  may  be  found,  upon  microscopic  examina- 
tion of  a  gland,  on  the  "  central  "  side  of  any  extravasation  of  blood. 
(3)  The  organisms  may  enter  the  blood-vessels  and  be  carried  about 
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by  tlie  hldod-stream  until  iirrcstcd,  when,  under  favourable  conditions, 
they  will  multiiily  and  give  rise  to  a  secondary  (mebistatic)  inflamma- 
tion, such  as  we  get  in  pyemia  in  almost  all  organs  or  parts,  and  in 
mumps  Avlieii  the  testis  or  ovary  becomes  inflamed. 

MODES  OF  ARREST   OP  INFLAMMATION.— The 

cessation  of  inflammation  excited  by  one  of  the  simple  causes  is  brought 
about  by  rcmoml.  or  eiicnpmlalion  of  the  cause.  (1)  Ax  soon  as  the  causes 
are  removed,  the  cells  of  the  damaged  tissues  begin  to  exert  llicir  in/ierenl 
tendency  to  recover  from  injimj  (p.  4).  Dead  and  dying  cells  are,  in 
most  cases,  removed  by  leucocytes,  and  washed  on  by  the  exudation 
from  the  vessels  ;  later  on,  their  places  are  taken  by  new  cells  spring- 
ing from  the  normal  tissue-elements.  (2)  When  the  irritant  cannot 
be  removed,  as  in  the  case  of  some  foreign  bodies  and  animal  parasites, 
it  may  become  enclosed  by  a  firm  envelope  of  cicatricial  fibrous  tissue 
and  its  effects  thus  neutralised.  This  process  is  known  as  encap- 
sulation. 

When  once  bacteria  have  gained  a  foothold  in  the  tissues  and  have 
begun  to  multiply  and  spread,  the  process  is  ob\dously  more  difficult 
to  check.  Clinically,  inflammations  spread  rapidly  and  widely,  and 
yet,  even  after  causing  gangrene  of  a  large  part  of  a  limb,  may 
become  ultimately  arrested.  All  the  time  there  is  a  struggle  for 
existence  going  on  between  the  cells  and  fluids  of  the  body  on  the 
one  hand  and  the  invading  parasites  on  the  other.  The  victorj'  may 
lie  with  either,  being  won,  sometimes  easily,  sometimes  after  a  struggle 
of  which  the  issue  is  for  a  long  time  doubtful  (p.  l66). 


REPAIR  OF  SPECIAL  TISSUES. 

The  power  which  most  tissues  possess  of  repairing  losses  of  substjince 
has  been  alluded  to.  We  must  now  briefly  state  how  such  losses  are 
repaired. 

There  are  certain  general  statements  that  may  be  affirmed  of  the 
process  of  regeneration. 

(1)  A  tissue  can  only  be  regenerated  by  the  growth  of  a  tissue  of 
the  same  kind.  It  is  well  known  that  the  cells  of  one  embryonic 
layer  never  produce  tissues  other  than  those  which  normally  develop 
from  this  layer ;  and  it  is  also  true  that  regeneration  of  a  tissue  occurs 
only  from  cells  of  that  tissue — e.g.,  muscle  from  muscle,  epithelium 
from  epithelium.  The  only  exception  to  this  is  that  any  kind  of  con- 
nective-tissue may  be  formed  from  any  other  kind. 

The  regenerative  processes  which  ordinarily  go  on  in  adult  meso- 
blastic  tissues  are  still  imperfectly  known.    Their  reproductive  energy 
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has  been  supposed  to  be  limited  to  molecular  repair.  Nevertheless,  it 
is  certain  that  the  cells  of  most  adult  tissues  retain  the  power  of 
multiplication.  That  this  is  not  manifest  under  normal  conditions  is 
jiossibly  because  the  blood-supply  received  by  the  tissues  is  only 
sufficient  to  maintain  the  status  quo,  while  the  resistances  op^josing 
growth,  such  as  pressure  within  tissue,  are  equal  to  the  force  with 
which  they  tend  to  multiply.  If,  however,  the  intercellular  jiressure 
be  lessened  by  wound  or  by  destruction,  absorption  of  the  damaged 
elements  and  multiplication  of  the  cells  round  about  will  begin.  Such 
injuries  usually  increase  the  blood-supply. 

(2)  The  tendency  of  a  tissue  to  regenei-ate  varies  with  (i)  the  age 
of  the  tissue,  all  tissues  being  more  easily  regenerated  in  foetal  and 
early  life  than  later  on  ;  (ii)  with  the  blood-su])]ily  (p.  1 42) ;  and  (iii) 
with  the  kind  of  tissue,  the  more  highly  specialised  the  tissue  the  less 
readily  does  regeneration  take  place.  Complex  tissues  are  often 
temporarily  repaired  by  an  overgrow^th  of  their  connective-tissue 
stroma. 

The  multiplication  of  cells  in  repair,  as  in  normal  development, 
generally  takes  place  by  the  division  of  one  cell  into  two,  accom- 
panied by  certain  peculiar  appearances  in  the  nucleus,  known  as  kanjo- 
kinesis  or  mitosis.  The  process  in  no  way  differs  from  that  described 
in  normal  histology. 

On  rare  occasions  mitotic  division  of  the  micleus  into  three  or  more 
segments  may  take  place,  or  direct  division  of  the  nucleus  and  cell  occur 
Avithout  the  nuclear  changes  just  desci'ibed  {amitotic  division').  In 
other  cases,  so-called  fragmentation  of  the  nucleus  may  occur  in  which 
the  nucleus  alone  subdivides  with  or  without  any  increase  in  the 
chromatin.  This  is  one  possible  method  by  which  giant-cells  may  be 
formed,  though  by  no  means  a  common  one. 

Connective-tissue  and  Blood-vessels. 

Connective-tissue,  including  vessels,  may  be  derived  (1)  from  the 
fixed  connective-tissue  cells,  (2)  from  the  wandering  uninucleated 
plasma  cells  ;  and  (3)  from  the  endothelial  cells  of  the  vessels. 

The  repair  of  connective-tissue  has,  however,  already  been  discussed 
(p.  159):  it  is  here  only  necessary  to  describe  the  formation  of 
blood-vessels  in  detail.  In  post-embryonic  life  capillaries  develop  by 
budding.  By  the  end  of  the  second  day  after  the  infliction  of  a  wound, 
solid,  pointed  processes  begin  to  project  from  some  of  the  cells  forming 
the  walls  of  the  capillaries :  they  increase  in  length  and  join  similar 
processes  from  other  capillaries,  or,  occasionally,  processes  of  branched 
connective-tissue  corpuscles.  The  processes  are  at  first  very  fine  but 
gradually  widen,  especially  at  the  jjlace  where  they  join  the  fully 
formed  vessels.    Nuclei  appear  in  these  processes  and  then  divide. 
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t  ()mi)lcte  cell-division  following  a  little  later.  Tiie  lines  of  union  of  the 
individual  endothelial  cells,  as  shown  by  nitrate  of  silver,  appear  sub- 
sequently. In  the  meantime,  channels  are  formed  as  the  cells  divide. 
These  channels  open  into  the  original  capillaries,  and  thus  the  blood- 
cavity  becomes  extended. 

The  new  vessels  increase  in  size  with  the  demands  made  upon 
them.  According  to  Thoma,  the  increase  in  the  size  of  the  vessels  is 
in  proportion  to  the  rapidity  of  the  blood-flow  through  them ;  while 


Fig.  103. — Regeneration  of  Capillary  Blood-vessels,  normal  capillaries ; 
b,  capillary  process  ;  c,  new  capillary  appearing  in  divided  process  ; 
d,  process  undergoing  division  ;  e,  connecting-cell  in  which  no  sign  of 
division  has  yet  appeared.  (Diagrammatic.) 

the  thickness  of  the  vessel-wall  depends  upon  the  tension  of  the  wall  , 
that  is,  upon  the  diameter  of  the  lumen  and  upon  the  blood-pressure. 

Muscular  and  fibrous  coats  are  developed  by  direct  extension  from 
similar  cells  on  the  original  vessels. 

Epithelium. 

Epithelium  is  always  derived  from  pre-existing  epithelium  by  mitotic 
division  of  the  cells  (Fig.  90).  This  is  shown  by  the  fact  that  it  always 
spreads  in  from  the  edge  of  an  ulcer,  unless  islets  of  the  rete  have 
been  left  undestroyed  in  the  midst  of  the  granulation-tissue,  or  imless 
accidental  transplantation  has  occurred. 

The  epithelium  of  the  skin  and  mucous  membranes  is  readily  de- 
stroyed and  replaced  throughout  life,  sometimes  very  rapidly,  as  in 
catarrhs  of  mucous  membranes. 

Glatididar  epithelium  regenerates  less  readily.  If  all  the  cells  in 
an  acinus  or  in  a  tubule  be  destroyed,  there  is  no  rej)roduction  of  the 
epithelium  therein.  A  wound  of  a  gland,  with  or  without  loss  of 
substance,  heals  by  scar-tissue,  which  is  permanent.    Regeneration  of 
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liver-cells  is  known  to  take  place  in  the  dog,  cat,  and  rabbit.  Mitosis 
has  also  been  observed  in  the  renal  epithelium  of  man.  The  regenera- 
tion of  epithelium  furnislies  many  illustrations  of  the  rule  that,  the 
more  highly  specialised  the  function  of  a  tissue,  the  less  likely  is  that 
tissue  to  be  capable  of  regeneration. 

Regeneration  of  nails  and  hair  is  frequent. 

Muscle. 

A  wound  in  a  voluntary  muscle  is  temporarily  repaired  by  fibrous 
tissue.  As  a  rule,  such  a  wound  gapes  widely  and  heals  by  granula- 
tion ;  but  in  some  parts,  e.g.,  the  tongue,  retraction  is  prevented,  and 
then  union  by  first  intention  occurs  readily. 

When  a  muscle  is  incised,  the  protoplasm  escapes  through  the 
opened  sarcolemma,  and  leucocytes  penetrate  for  some  distance  between 
the  fibres.  Granulation-tissue  followed  by  ordinary  scar-tissue  is  formed 
from  the  endomysium,  and  unites  the  ends  of  the  muscle.  New  muscle- 
cells  may  then  be  jjroduced  by  mitotic  division  of  those  on  each  side 
of  the  scar,  and,  later  on,  these  may  invade  and  eventually  replace  the 
cicatricial  tissue.  According  to  some  observers,  the  surviving  nuclei 
of  the  damaged  fibres  are  sometimes  able  to  multiply  and  form  new 
fibres.  In  some  cases,  no  regeneration  of  the  muscle-cells  occurs,  and 
it  is  very  rarely  complete. 

Degenerated  fibres  may  be  similarly  replaced.  This  is  seen  in  acute 
febrile  diseases,  especially  typhoid  fever. 

Involuntary  muscle-cells  also  multiply  by  division. 

Cartilage. 

A  wound  or  breach  in  cartilage  is  generally  repaired  in  the  first 
instance  by  scar-tissue.  This  may  be  replaced  later  by  hyaline 
cartilage  formed  from  the  perichondrium,  and  by  proliferation  of 
neighbouring  cartilage-cells.  The  matrix  is  formed,  according  to 
Strasser,  from  the  protoplasm  of  the  cells.  Often  the  replacement  of 
the  scar-tissue  by  cartilage  does  not  occur.  In  cases  of  fractured  rib- 
cartilage  the  fibrous  tissue  may  ossify  into  a  clasp  of  bone  round  the 
broken  ends. 

Bone. 

When  a  bone  is  broken,  it  generally  happens  that  the  encircling 
periosteum  is  partly,  or  completely,  torn  across,  as  well  as  separated 
from  the  broken  ends  for  some  distance  above  and  below  the  fracture. 
The  damage  to  the  surrounding  tissues  is  liable  to  greater  variation. 
In  any  case,  many  blood-vessels  will  be  ruptured,  while  the  interval 
between  the  ends  of  the  bone  will  be  filled,  and  the  rent  in  the  soft 
tissues  distended,  by  the   resulting   haemorrhage,  which   is  finally 
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arrested  by  the  pressure  of  the  extravasation  and  by  tlie  occurrence  of 
thrombosis,  as  in  healinfr  by  Jirxl  inlcnliou  (p.  149).  If  bacterial  infection 
be  prevented  and  the  parts  kapt  at  rest,  reparative  changes  connnence 
in  a  few^  hours.  The  vessels  undergo  the  usual  changes  characteristic 
of  simple  inflammation  (p.  145),  and  large  numbers  of  leucocytes  in- 
filtrate the  damaged  tissue  and  invade  the  blood-clot.  The  exact 
intervals  between  the  appearance  of  the  different  changes,  which  next 
follow,  vary  with  the  size  of  the  bone  and  the  extent  of  the  damage. 

In  general  terms,  the  damage  outside  the  periosteum  is  repaired 
by  granulation-tissue  and  regeneration,  as  in  the  case  of  any  aseptic 
wound  ;  while,  inside  the  periosteum,  new  tissue  of  a  somewhat  similar 
tj'pe  is  developed,  mainly  from  the  periosteum  itself,  forming  a  spindle- 
shaped  swelling  in  which  the  broken  ends  of  the  bone  are  imbedded 
(Fig.  104).  This  tissue  also  grows  between  and  connects  these  ends, 
forming  the  basis  of  the  final  repair.  To  a  less  extent,  similar  tissue 
is  formed  in  the  medulla.  The  new  tissue  thus  formed  round  the  bone 
and  in  the  medulla  is  known  as  the  jyrovisiuHa/  callm. 

In  the  case  of  a  bone  like  the  fibula  (Fig.  104),  the  cells  of  the 
separated  periosteum  and  of  the  medulla  begin  to  proliferate  two  or 
three  days  after  the  injury.  By  the  latter  half  of  the  first  week  the 
innermost  (osteoblastic)  layer  of  the  jieriosteum  has  produced  a  large 
amount  of  new  tissue  consisting  of  broad  spindle-shaped  cells,  plenti- 
fully supplied  with  blood-vessels  derived  from  the  proliferating  endo- 
thelium of  those  in  the  neighbourhood. 

Trabeculae  of  osteoid  tissue,  and  occasionally  of  cartilage,  next 
appear  in  the  new  tissue  in  immediate  contact  with  the  stripped  bone, 
and  gradually  spread  until  they  occupy  the  whole  space  between  the 
separated  periosteum  and  the  bone.  By  the  end  of  the  second  week 
the  extravasated  blood  and  emigrated  leucocytes  have  disappeared  and 
the  space  between  the  fractured  ends  is  bridged  by  osteoid  trabecula? 
with  osteoblasts,  fragments  of  cartilage,  and  strands  of  connective-tissue. 
The  osteoid  trabeculae,  cartilage,  and  connective-tissue  are  gradually 
transfoi-med  into  bone,  while  the  remnants  of  vascular  granulation- 
tissue  lying  between  the  osseous  trabeculae  come  to  resemble  ordinary 
bone-marrow.  The  growth  of  the  trabeculae  is  more  extensive  between 
the  periosteum  and  the  bone  than  it  is  in  the  medulla.  In  the  mean- 
time the  dead  tissues  including  the  sharp  and  jagged  ends  of  the  bones 
have  been  absorbed  (p.  l6). 

The  new  tissue  which  actually  connects  the  broken  ends,  is  derived 
from  the  vascular,  spindle-celled  tissue  develojied  from  the  iieriosteum  : 
it  is  the  last  of  the  jjernmnent  tissue  to  appear  and  the  last  to  undergo 
final  and  complete  ossification  (penmnevl  or  dcJinHive  callus). 

The  first  sign  of  involution  is  the  removal  of  the  jagged  ends 
already  referred  to,  and  the  absorption  of  any  detached  fragments  of 
bone  that  may  have  died.    When  the  ends  of  the  bone  are  thoroughly 
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Fig.  104. — Longitudinal  Section  through  a  Fracture  of  the  Fibula — 
fourteen  days  old.  (From  a  man  aged  25  ;  preparation  hardened  in 
Muller's  fluid,  decalcified  with  picric  acid,  stained  with  hasmatoxylin 
and  carmine,  and  mounted  in  Canada  balsam,  a,  compact  tissue 
of  the  fibula;  b,  small  splinters;  c,  fatty  marrow;  d,  d^,  perios- 
teal osteophytes  ;  e,  Ci,  trabeculae  of  osteoblasts  and  osteoid  tissue ; 
/,  newly-formed  cartilage ;  g,  myelogenous  osseous  trabeculre  ;  h, 
myelogenous  trabeculas  of  osteoblasts  and  osteoid  tissue ;  i,  connec- 
tive-tissue covering  the  fractured  ends ;  A,  osteoblasts ;  I,  external 
fibrous  layer  of  the  periosteum,     x  6.  (Ziegler.) 
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united  by  firm  com))fift  tissue  resorption  of  the  callus  begins.  This 
generally  commences  in  the  third  month  after  the  injury.  TIk-  more 
accurate  the  apposition  of  the  ends,  and  the  more  correct  the  general 
position,  the  more  complete  will  be  the  disappearance  of  the  callus. 
So  completely  may  it  disappear  that  in  a  few  months  or  years  it  may- 
be extremely  difficult  to  localise  the  exact  jwsition  of  an  old  fracture. 

Nerve  cells  and  tissues. — These  will  be  referred  to  in  the 
chapter  on  Diseases  of  the  Nervous  System  (see  Index). 

Transplantation  of  Tissues. 

Even  before  John  Hunter's  success  in  transplanting  a  cock's  spur 
into  its  comb,  it  was  believed  that  pieces  of  the  body,  like  the  tij)  of 
the  nose  or  finger,  might  reunite  if  fixed  in  po.sition  soon  after 
complete  separation  from  the  body  ;  but  accurate  knowledge  on  this 
subject  has  been  acquired  only  since  Reverdin's  discovery  of  "skin- 
grafting." 

The  tissues,  as  is  well  known,  may  survive  systemic  death  for  a  short 
time.  Portions  of  almost  all  tissues  may  be  removed  from  one  jjart  or 
animal  and  successfully  transplanted  to  another  part  or  animal,  if  the 
conditions  are  suitable.  These  are :  transference  of  the  portion  of 
tissue  with  sufficient  gentleness  and  quickness  to  ensure  that  it  is  ahve 
when  transferred  ;  close  contact  -with  the  raw  surface  prepared  for 
it ;  maintenance  of  its  temperature  ;  and  the  avoidance  of  all  bacterial 
contamination.  The  piece  of  tissue  will,  under  these  circumstances, 
become  united  by  first  intention  to  its  bed,  and  "vvill  be  nourished  by 
lymph  transuding  from  this  surface  until  vessels  shoot  across  into  it. 
Those  tissues  which  are  least  highly  organised  and  which  require 
the  least  nutriment  bear  transplantation  best. 

Epithelium  is  the  tissue  which  can  most  easily  be  transplanted. 
Use  is  made  of  this  fact  in  the  operation  of  grafting,  in  which  small 
bits  of  tlve  superficial  part  of  the  rete  are  placed  upon  a  healthy  granu- 
lating surface.  At  first,  nourished  by  the  exudation,  these  fragments 
grow,  adhere,  and  form  centres  whence  epithelium  sjireads  over  the 
surface.  The  cells  of  the  root-sheath  of  plucked-out  hairs  answer  the 
purpose  well.  Granulation-tissue  may  be  skinned  over  in  this  way 
but,  unless  scar-contraction  accompanies  the  skinning  over,  the  cicatrix 
is  liable  to  break  down. 

A  piece  of  sHn  an  inch  square,  freed  from  all  fat,  may  be  trans- 
planted, and  thus  ectropion  and  similar  deformities  may  be  remedied. 

Similarly,  a  bit  of  miicom  membrane,  usually  obtained  from  a  rabbit's 
conjunctiva,  is  transplanted  in  cases  of  entropion. 

Cartilage  and  periosteum,  especially  when  young,  bear  transplantation 
well  (p.  79).  So  also  do  small  pieces  of  hone.  Macewen  built  up  the 
.shaft  of  a  humeras  wilii  bits  removed  from  deformed  tibia;,  and  intro- 
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diiced  the  practice  of  replacing,  in  tlie  opening  made  by  a  trephine, 
chips  of  the  bone  removed. 

Pieces  of  muscle  have  been  successfully  transplanted,  and  part  of  the 
sciatic  nerve  of  a  bird  has  been  substituted  for  a  corresjjonding  piece 
excised  from  another  bird.  In  man  transplantation  of  nerve-lengths, 
tiiken  from  man  and  otlier  animals,  has  been  sevei-al  times  successful 
in  restoring  the  function  of  divided  nerves,  even  when  months  have 
elapsed  between  the  injury  and  the  biieration.  In  all  probability 
these  nerve-lengths  mei-ely  act  as  guides  along  which  the  axis- 
cyhnders  can  grow. 


CHAPTER  VII. 

DISTURBANCES  OF  THE  CIRCULATION. 

The  efficiency  of  the  circulation  depends  on  the  maintenance  of  a 
correct  relationship  between  the  action  of  the  heart,  the  size  and 
elasticity  of  the  blood-vessels,  and  the  quantity  and  composition  of  the 
blood,  as  well  as  on  the  preservation  of  a  healthy  lining  membrane 
throughout  the  whole  of  the  vascular  tract.  It  is  altogether  out  of  the 
scope  of  this  work  to  deal  fully  with  the  many  ways  in  which  these 
various  factors  may  deviate  from  the  standard  of  health.  Practically, 
in  disease,  they  are  nearly  always  combined.  Structural  defects  of 
the  heart,  arteries,  and  veins,  together  with  their  results  on  the 
general  circulation,  will  be  dealt  with  subsequently.  It  is  here  only 
necessary  to  give  a  brief  review  of  the  causes  and  effects  of  diminution 
and  of  increase  in  the  blood-supply  of  a  part,  and  then  to  deal  at  greater 
length  with  the  phenomena  of  j)assive  congestion,  dropsy,  thrombosis,  and 
emholism. 

LOCAL  ANEMIA. 

By  local  anaimia  is  meant  diminution  in  the  amount  of  the  blood 
in  a  part  owing  to  deficiency  of  the  supply.  It  may  be  partial  or 
complete. 

CAUSES. — ^The  causes  of  diminished  arterial  supply  comprise  all 
those  conditions  which  either  narrow  or  completely  close  the  lumen  of 
the  supplying  arteiy.  The  lumen  of  an  artery  may  be  diminished  by 
disease  of  its  walls — atheroma,  calcification,  or  syphilitic  thickening  ; 
or  by  pressure  exercised  uj^on  it  from  witliout,  by  new-growths,  constrict- 
ing scars,  inflammatory  exudations  and  mechanical  eff"usions,  especially 
in  unyielding  tissues,  such  as  bones  or  tendon-sheaths.  Complete 
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closure  of  the  vessel  may  result  from  some  of  the  foregoing  conditions, 
or,  more  commonly,  from  thrombosis,  embolism,  or  ligature.  In  some 
cases  the  supplj'  of  blood  is  diminished  by  an  increase  in  the  natural 
resistance,  due  to  irritation  of  the  vaso-motor  nerves.  This  occurs  in 
some  neuralgic  and  other  nervous  affections,  or  from  the  action  of 
certain  substances,  such  as  ergot  of  rye,  or,  again,  merely  as  the  result 
of  a  low  temperature.  It  is  sometimes  attributed  to  the  presence  in 
the  vessels  of  products  of  metabolism,  either  in  excessive  amount  or 
of  abnormal  character.  Anaemia  of  one  part  may  be  secondary  to 
hyperemia  of  other  parts,  such  as  anaemia  of  the  brain  and  skin  in 
congestion  of  the  abdominal  viscera ;  or  it  may  be  due  to  a  general 
diminution  of  the  total  quantity  of  blood,  as  after  haemorrhage,  in 
which  case  the  parts  most  distant  from  the  heart  suffer  most. 

RESULTS. — A  part  with  a  diminished  arterial  supply  is  usually 
paler,  less  tense,  and  of  a  lower  temperature  than  natural.  Its 
nuti'ition  and  function  are  more  easily  impaired,  and  it  is  therefore 
more  liable  to  fatty  degeneration,  atrophy,  or  death.  These  results 
have  been  exemplified  in  the  chapters  on  Fatty  Degeneration,  Atrophy, 
and  Necrosis. 

Obstruction  of  a  large  artery  causes  rise  of  pressure  (transient  under 
nealthy  conditions)  every^vhere  except  in  its  own  area ;  and  this 
increased  pressure  endangers  the  safety  of  delicate  or  diseased  vessels, 
until  the  extra  blood  thrown  into  the  suddenly  curtailed  vascular 
system  is  accommodated  in  some  way.  The  heightened  pressure  affects 
the  vaso-motor  centre,  and  this  speedily  produces  dilatation  of  vessels 
sufficient  to  restore  the  normal  pressure.  But  the  vessels  which  dilate 
most  markedly  and  persistently  are  those  going  to  the  anaemic  part 
and  anastomosing  with  branches  from  the  trunk  beyond  the  obstruc- 
tion (p.  210).  These  "collateral"  vessels  become  larger,  longer 
(tortuous),  and  thicker,  until  the  circulation  in  the  part  has  again 
become  normal — i.e.,  collateral  circulalion  is  established.  At  first,  all 
vessels  having  anastomoses  with  the  obstructed  one  probably  dilate; 
but  those  which  enlarge  permanently  are  almost  invariably  branches 
on  the  same  side  as  the  obstruction — e.ff.,  the  risht  inferior  thyroid  and 
vertebral  arteries  dilate  after  ligature  of  the  right  carotid.  The  jirimary 
anaemia,  the  blush  and  heightened  temperature  of  vascular  dilatation, 
and  the  final  return  to  the  normal,  can  be  seen  in  limbs  after  ligature 
of  main  vessels. 

HYPEREMIA. 

Hypencmia,  or  congcxlion,  is  excess  of  blood  in  the  more  or  less 
dilated  vessels  of  a  part.  It  may  be  (1)  active  {arterial)  or  (2)  passive 
(vetuxus).     These  two  varieties  must  be  considered  separately'. 
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ACTIVE  OR  ARTERIAL  HYPEREMIA. 

Active  hyperaeraia  means  excess  of  arterial  blood  in  a  part,  with,  in 
most  cases,  acceleration  of  flow. 

CAUSES. — The  immediate  cause  of  active  hyperaemia  is  in  all 
cases  dhninished  arterial  resistance. 

Diminished  arterial  resistance  may  be  produced  pathologically — 

1.  Bi/  certain  agencies  which  have  a  iveakenhig  or  paralysing  effect 
upon  the  Involuntary  Muscle  of  Fessel-walls.  Fatigue  from  previous 
prolonged  contraction  has  this  effect,  as  seen  in  the  hyperaemia  of  the 
hands  which  follows  snowballing.  Warmth,  too,  is  generally  placed 
under  this  heading.  Injuries  of  all  kinds,  apart  from  the^  reflex 
hyperaemia  due  to  their  effect  on  sensoiy  nerves,  cause  dilatation  by 
direct  damage  of  the  vessel-wall ;  and,  so  long  as  it  is  more  than 
sufficient  to  counterbalance  the  increased  resistance  which  always 
accompanies  it  (p.  l62),  the  quantity  of  blood  passing  through  the 
part  is  greater  than  normal  —  i.e.,  the  part  is  hyperaemic.  The 
sudden  removal  of  pressure  is  another  cause  of  hyperaemia.  Thus, 
congestion  of  the  abdominal  vessels  follows  the  removal  of  mucli 
ascitic  fluid,  or  of  a  large  ovarian  tumour ;  bleeding  from  the  pleura 
occurs  when  the  cavity  is  rapidly  emptied  by  asjjiration  or  strong 
syphon-action ;  bleeding  may  also  follow  the  complete  emptyinjj- 
of  a  chronically  distended  bladder.  The  walls  of  such  vessels,  being 
thus  provided  with  external  support,  gradually  lose  their  power ;  if, 
then,  the  support  is  suddenly  removed,  the  vessels  dilate  fully,  and 
small  ones  may  even  ruptui'e. 

2.  By  the  removal,  either  directly  or  refiexly — i.e.,  by  inhibition — oj 
the  Vaso-tonic  Action  of  the  Sympathetic.  Thus,  active  congestion 
follows  pressure  by  an  aneurysm  upon  the  sympathetic  in  the  neck. 
Certain  drugs,  taken  internally,  are  believed  to  directly  paralyse  the 
vaso-tonic  nerves — e.g.,  nitrite  of  amyl,  alcohol,  tobacco. 

The  reflex  process  is  generally  due  to  stimulation  of  sensory  nerves, 
the  diminution  in  tonus  thus  produced  being  more  or  less  accurately 
confined  to  the  region  supplied  by  the  nerve.  Friction  and  slight 
irritants  in  the  early  stages  of  their  action  produce  hyperaemia  in  this 
way.  It  seems  probable  that  vascular  dilatation  of  deep  organs  may 
be  produced  reflexly  by  stupes  and  other  applications  to  the  skin  over 
them,  or,  more  accurately,  to  those  portions  of  the  skin  in  connection 
with  the  same  spinal  segments.  Conversely,  visceral  disturbances  may 
possibly  give  rise  to  vaso-motor  changes  in  the  corresponding  cutaneous 
areas,  or,  indeed,  in  areas  less  limited  than  these  ;  for  Head  lias  shown 
that  in  antemia  and  other  diseases  tlie  effects  of  such  disturbances  are 
less  definitely  localised. 
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Aiiwmia  of  any  large  part — as  of  a  limb,  compressed  by  Esmarch's 
bandage,  or  of  the  skin  from  cold — necessarily  causes  lujperaimia  ot 
other  parts — compcumlorij  hyperannia.  But  all  jiarts  do  not  suffer 
equally,  as  they  would  do  were  the  hyperffimia  the  result  simply  of 
increased  arterial  pressure  ;  certain  vessels,  as  the  great  alnlominal 
veins,  dilate,  showing  that  the  vaso-motor  system  arranges  for  the 
accommodation  of  the  surplus  blood  by  producing  local  diminution  of 
vascular  resistance.  After  extirpation  of  one  kidney,  its  share  of  blood 
passes  mainly  to  the  other. 

3.  By  excitation  of  vaso-dilaialor  nerves,  such  as  the  chorda  tymjjani. 
Nothing  is  certainly  known  of  this  as  a  cause  of  hyperaemia;  but  the 
hyperEemia  associated  with  facial  neuralgia  and  that  of  the  thyroid 
in  exophthalmic  goitre,  have  been  referred  to  vaso-dilatator  neuroses, 
and  also  to  inhibition  of  vaso-tonic  nerves. 

RESULTS. — The  results  of  active  hyperaemia  are  principally 
such  as  might  be  expected  from  increase,  in  any  particular  organ  or 
tissue,  in  the  amount  of  arterial  blood  and  in  the  rapidity  of  its  flow. 
The  symptoms  in  a  superficial  part  are — increased  redness  and  pulsa- 
tion, a  subjective  sensation  of  throbbing,  some  increase  in  bulk,  and 
marked  elevation  of  surface  temperature,  until  this  approaches  that  of 
internal  organs.  If  the  hyperaemia  be  of  long  duration,  or  frequently 
repeated,  the  small  arteries  remain  permanently  enlarged,  their  walls 
gradually  thicken,  and  the  epithelium  and  connective-tissues  of  the 
part  increase.  This  may  be  seen  in  the  growth  of  hair  and  papillary 
thickening  I'ound  a  callous  ulcer  of  the  leg,  and  the  occasional  spread 
of  ossification  from  the  tibia  into  the  granulation-tissue,  though  irrita- 
tion may  possibly  be  an  additional  factor.  The  capacity  for  work  is 
increased,  ana  hyperti-ophy  will  follow  if  the  increased  work  is  main- 
tained (p.  142).  Hyperaemia  of  the  nervous  centres  causes  great 
excitability,  paraesthesia  of  sight  and  hearing,  and  even  convulsions. 
In  some  glands,  hyperaemia  produced  experimentally  is  followed  by 
increased  secretion,  as  in  damage  to  the  renal  plexus,  which  is  followed 
by  the  increased  secretion  of  watery  and  even  albuminous  urine. 


PASSIVE  OR  VENOUS  HYPEREMIA. 

In  passive  or  venous  hyperaemia,  the  excess  of  blood  is  in  the  veins 
and  capillaries,  and  the  flow,  instead  of  being  accelerated,  is  retarded. 
This  is  so  frequently  produced  by  some  obvious  mechanical  obsbicle 
to  the  return  of  blood  through  the  veins,  that  it  is  often  called 
mechanical  hyperajniia.  The  congestion  of  a  finger,  produced  by  a 
moderately  tight  band  tied  round  it,  may  be  tsiken  as  the  type  of 
passive  hyperaemia. 
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CAUSES. — Anything  which  weakens  the  forces  carrying  on  the 
venous  circulation,  or  wliich  opjjoses  unusual  resistance  to  this  circula- 
tion, must  tend  to  produce  venous  hyperEemia.  Such  causes  may 
exist  in  any  part  of  the  vascular  system — lieart,  arteries,  capillaries, 
or  veins — some  having  a  local,  others  a  general  effect.  They  may 
be  arranged  under  two  headings — (1)  those  which  diminish  the  vis  a 
lergo,  or  propelling  force  ;  and  (2)  tliose  whicli  iiitrodiice  a  vis  a  Jronte, 
thus  placing  a  direct  impediment  to  the  return  of  blood  by  the  veins. 

1 .  Chief  in  the  first  group  is  diminished  cardiac  power.  The 
heart  may  act  so  feebly  or  be  so  damaged  structurally  (see  Endo- 
carditis), that  too  little  blood  enters  the  arteries  at  each  stroke,  and 
generally  at  a  pressure  less  than  normal.  As  a  result  the  arterial 
supply  of  all  parts  is  diminished,  blood  lags  in  the  veins,  and  a  less 
quantity  than  normal  returns  to  the  heart  during  each  diastole.  This 
is  very  evident  in  prolonged  febrile  diseases,  such  as  typhoid,  and  in 
those  degenerations  of  the  walls  of  the  lieart,  whicli  lead  to  dilatation 
of  its  cavities.  In  whichever  of  these  ways  the  vis  a  tergo  is  impaired, 
the  diminished  fulness  of  the  arteries  and  over-fulness  of  the  veins, 
so  familiar  clinically  as  the  result  of  cardiac  failure,  will  be  produced. 
If  this  condition  be  of  long  duration,  there  is  necessarily  so  much 
interference  with  the  oxygenation  of  the  blood,  with  the  functions 
of  the  blood-forming  organs,  and  with  the  processes  of  digestion  and 
assimilation,  that  the  blood  itself  becomes  deteriorated,  and  thus  the 
nutrition  of  all  suffers. 

In  the  arteries  the  driving  force  may  be  weakened  (1)  by  total 
or  partial  obstruction  of  an  arterial  trunk  ;  (2)  by  dilatation,  arising  from 
simple  atony,  or  from  those  general  fatty,  atheromatous,  or  fibroid 
changes  of  the  arterial  wall  so  common  in  advanced  life  ;  or  (3)  by 
rigidity,  in  which  case,  owing  to  loss  of  arterial  elasticity,  tlie  heart's 
force  is  wasted  against  the  walls  of  rigid  tubes. 

Obstruction  to  the  circulation  in  capillaries  arises  mainlj^  from 
pressure  of  inflammatory  and  serous  effusions  on  capillary  areas. 

With  regard  to  veins  the  circulation  will  be  slowed  by:  (l) absence 
or  diminution  of  contractions  on  the  part  of  the  skeletal  muscles, 
especially  in  the  lower  extremity  ;  (2)  such  dilatation  as  produces 
incompetence  of  valves,  thus  rendering  muscular  action  useless  as  an 
aid  to  circulation  ;  and  (3)  by  anything  which  lessens  the  suction- 
action  exerted  upon  the  great  veins  by  the  respiratory  movements  of 
the  thorax.  Forcible  expiration  will  re^ilace  the  normal  ?nz«7M-pressure 
within  the  thorax  by  a  yj/iw-pressure  :  tlms,  playing  wind-instruments 
imjiedes  the  entiy  of  blood  from  the  veins  into  tlie  heart.  Emphysema, 
effusion  of  air  or  fluid  into  the  pleural  cavities,  and  large  new  growths 
of  the  lung  act  similarly.  These  causes  might  fairly  rank  under  the 
second  heading. 

When,  by  various  combinations  of  the  above  conditions,  the  circula- 
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tion  is  much  returded,  hypostatic  congestion  occurs.  The  com- 
monest seats  of  tliis  arc  the  jwsterior  edges  and  bases  of  tlie  lungs, 
the  skin  over  the  sacrum,  and  any  parts  kept  constantly  dependent. 
Slowing  of  the  circulation  causes  distension  of  the  veins  and  increase 
of  the  intravenous  j)ressure.  In  any  such  part  which  is  also  dependent, 
the  intravenous  and  capillary  pressure  is  further  increased  by  gravUy. 
The  force  of  gravity  is  in  j^roportion  to  the  vertical  distance  between 
the  highest  point  of  the  body  for  the  time  being  and  the  part  in 
question.  If  the  patient  is  so  weak  as  to  be  unable  to  change  his 
position,  this  pressure  constantly  acts  upon  the  same  veins  and  capil- 
laries, dilating  them,  and  greatly  increasing  the  tendency  to  leakage 
through  their  badly  nourished  walls.  Thus  the  j)art  is  redder  and 
softer  than  normal,  and  is  oedematous  (p.  193).  In  bedridden  patients 
breathing  is  often  very  shallow,  and  the  effect  of  expiration  in  driving 
blood  on  to  the  left  auricle  is  therefore  diminished  (see  Hypostatic 
Pneumonia).  In  peojile  who  are  walking  about,  dropsy  from  heart- 
disease  generally  begins  in  the  legs.  This  is  due  largely  to  the  action 
of  gravity. 

2.  The  return  of  blood  through  the  veins  may  be  interfered  with 
in  many  ways.  Thus,  congestion  of  the  stomach,  intestines,  pancreas 
and  spleen,  from  compression  of  the  portal  capillaries,  occurs  in  cirrhosis 
of  the  liver  ;  congestion  of  the  lung  follows  mitral  constriction  or  regur- 
gitation ;  congestion  of  the  systemic  circulation  results  from  insufficiency 
of  the  tricuspid  valve ;  and  in  the  lower  extremities  the  same  result 
may  be  due  to  pressure  of  the  gra\'id  utei'us  on  the  iliac  veins. 

RESULTS. — Whether  there  be  a  direct  impediment  to  the  return 
of  blood  by  the  veins,  or  a  failure  in  the  forces  of  circulation,  the  veins 
and  capillaries  dilate,  and  the  blood,  moving  with  diminished  velocity, 
accumulates  in  them.  The  subsequent  changes  will  depend  upon  the 
degree  of  obstruction  to  the  venous  return,  and  upon  the  arterial  pres- 
sure ;  in  other  words,  upon  the  injury  sustained  by  the  vessel-walls 
from  impaired  nutrition,  and  upon  the  increase  of  pressure  in  the  veins 
and  capillaries.  In  addition  to  the  immediate  effects,  such  as  the 
diminished  secretion  of  urine,  the  more  gradually  induced  changes  are 
the  exudation  of  serum,  the  escape  of  red  blood-corpuscles,  haemon-hage, 
fibroid  induration,  atrophy,  thrombosis,  and  necrosis. 

1.  Exudation  of  Serum  is  one  of  the  most  imporUmt  results  oi 
passive  hyjiera-mia.     It  is  discussed  on  j).  191- 

2.  Escape  of  Red  Blood-corpuscles  occurs  when  obstruction 
to  the  venous  return  is  very  great :  they  transude  with  the  fluid  from  the 
veins  and  capillaries.  The  blood-stream  in  these  vessels  .sfaignates, 
and  the  red  corpuscles  become  packed  into  a  coherent  mass  which 
oscillates  to  and  fro  with  the  arterial  pulsation.  Then,  suddenly,  some 
of  the  red  corpuscles  penetrate  the  walls  of  the  capillaries  and  smallest 
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veins  and  escape  into  the  surrounding  tissues.  This  seems  to  occur 
without  rupture  of  the  vessel,  for,  if  the  ligature  be  removed,  the  blood 
again  circulates  in  a  perfectly  normal  manner.  The  corpuscles  rarely 
escape  in  great  numbers.  It  has  been  suggested  that  they  pass  by 
diapedesis  between  the  endothelial  cells. 

3.  Hamorrhage  is  another  result  of  passive  hyperaemia,  and 
usually  occurs  only  when  the  obstruction  to  the  venous  current  is  very 
great,  and  when  the  nutrition  of  vessels  and  tissues  has  suffered  from 
long  congestion.  Healthy  vessels  can  bear  very  heavy  strains  without 
giving  way.  Those  vessels  which  are  the  least  supported  are  the  first 
to  give  way.  Haemorrhage  into  the  stomach  in  cirrhosis  of  the  liver, 
and  into  the  lung  in  mitral  stenosis  are  familiar  examples  of  this  result. 

4.  Fibroid  Induration  is  due  to  a  gradual  increase  in  the 
connective-tissue  round  the  blood-vessels,  and  is  one  of  the  most 
important  results  of  long-continued  passive  hyperaemia.  This  interstitial 
growth  was  formerly  supposed  to  lead  to  atrophy  of  the  higher 
structures,  and  thus  to  impairment  of  the  functions  of  the  organ.  In 
the  stomach,  it  was  said  to  produce  atrophy  of  the  glandular  structures ; 
in  the  kidney,  compression  of  the  tubules  ;  and,  in  the  heart,  diminu- 
tion in  motor  power.  It  is  probable,  however,  that  the  atrophy  in 
these  cases  is  primary,  following  the  deficient  supply  of  arterial  blood, 
and  that  the  increase  in  the  stroma  is  due  to  the  fact  that  the  latter  is 
the  only  tissue  present  that  can  thrive  in  the  existing  conditions.  The 
possible  stimulating  effects  of  irritant  products  or  of  dead  epithelial 
cells  on  the  growth  of  the  fibrous  tissue  is  difficult  to  estimate.  It  is 
probably  an  unimportant  factor.  The  alterations  which  this  change 
produces  in  the  physical  characters  of  the  organs — viz.,  induration 
associated  with  abnormal  redness,  due  to  the  excess  of  blood  or 
pigmentation  from  haematoidin — are  exceedingly  characteristic. 

5.  Thrombosis  (see  p.  195). 

6.  Necrosis  occurs  fi'om  passive  hyperaemia  only  when  the  obstruc- 
tion is  very  general  and  complete  (ji.  13). 

To  sum  up,  long-continued  passive  hyperaeixiia  leads  to  impair- 
ment of  vitality  and  function.  The  tissues  gradually  undergo  retro- 
gressive changes  and  atrophy,  although  from  the  amount  of  exudation 
and  blood  which  they  contain  their  size  and  absolute  weight  may  be 
increased.  This  form  of  hyperaemia  has  no  tendency  to  cause  multi- 
plication of  tissue  other  than  the  connective,  and,  in  the  case  of  mucous 
membranes,  the  epithelial.  In  the  latter  instance  the  proliferation 
is  associated  with  catarrhal  inflammation  to  which  the  congestion  jjre- 
disposes. 

MORBID  ANATOMY  OF  HYPER-flGMIA  Parts  which 

were  actively  hyperaemic  during  life  frequently  show  no  signs  of  tliis 
condition  after  death  ;  for,  if  coagulation  does  not  occur  immediatelvj 
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contnictiou  of  the  arteries  or  of  the  ehistic  ca]wules  of  organs  forces 
the  blood  on  into  the  veins,  thus  rendering  the  recognition  of  arterial 
or  capillary  hypertemia  impossible.  Further,  under  the  influence  of 
gravity  alone,  fluid  blood  will  tend  to  run  to  the  more  de])endent  parts: 
and  thus  a  hyperiemic  organ — whether  actively  or  passively  so — may 
be  emptied  of  blood  and  may  thus  appear  jjale. 

But,  on  the  other  hand,  dejiendent  parts — the  posterior  portions  of 
the  lungs,  the  lowest  coils  of  the  intestines,  the  skin  on  the  posterior 
surface  in  dorsal  decubitis — which  may  have  been  healthy  during  life, 
now  become  full  of  dark  blood.  It  is  often  difficult  to  say  how  much 
of  the  congestion  of  the  base  of  a  lung  is  ante-mortem  and  how  much 
post-mortem. 

When  large  veins  are  hyperffimic,  the  injection  is  said  to  be 
"  ramiform,"  from  their  branching  form  and  dark-blue  colour.  In  the 
intestine,  skin,  and  kidney,  hyperaemia  may  appear  punctiform  from 
the  arrangement  of  the  vessels  in  villi,  papilla;,  or  Malpighian  cor- 
puscles, as  the  case  may  be.  Minute  punctiform  haemorrhages  must 
not  be  mistaken  for  such  cases. 

Pigmentation  (slate-grey,  black  or  bro^vn)  from  the  altered  haemo- 
globin of  disintegrated  corpuscles  (p.  65)  generally  remains  after 
chronic  hyperaemia,  as  is  often  seen  in  the  stomach  and  intestines  after 
portal  congestion,  and  in  the  bladder  and  the  lungs  after  chronic 
catarrh. 

Passive  Hyperaemia  of  the  Liver. 

Passive  hyperaemia  of  the  liver  is  the  result  of  some  obstruction 
to  the  blood-stream  in  its  course  from  the  hepatic  veins  until  it 
reaches  the  aorta.  It  may  thus  be  due  to  the  pressure  of  inflamma- 
tory  tissue  or  exudation  on  the  inferior  vena  cava ;  to  fibrosis  or  em- 
physema of  the  lung ;  and  especialty  to  disease  of  the  mitral  or  the 
tricuspid  orifice  associated  with  failing  comjoensation  on  the  part  of 
the  walls  of  the  heart.  Long-continued  passive  hypei-aemia  of  the  liver 
gives  rise  to  the  condition  known  as  Niiimeg  Liver.  The  change  is 
characterised  by  a  large  accumulation  of  blood  in  the  sub-lobular  and 
intralobular  veins,  which  dilate  and  thicken ;  by  distension  of  the 
supplying  capillaries  and  venules ;  by  atrojihy  of  the  hepatic  cells  in 
the  central  portions  of  the  lobules  (cjjanotic  atroplii/') ;  and  rarel}-  by 
increase  of  the  interlobular  connective-tissue  (Fig.  105).  The  impedi- 
ment to  the  return  of  blood  by  the  hepatic  veins  leads  to  atrophy  of 
the  cells  in  the  central  portions  of  the  acini  and  to  the  deposit  of 
pigment,  so  that,  when  examined  microscopically,  these  portions  of 
the  acini  are  seen  to  consist  of  masses  of  broken-down  cells  and  granules 
of  pigment,  separated  from  one  another  b}'  the  distended  vessels.  The 
intralobular  veins  and  their  radicles  are  much  dilated,  and  filled  with 
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red  blood-corpuscles  (Fig.  106).  Their  walls  are  thickened,  and  there 
often  appears  to  be  some  thickening  of  tlie  intercellular  network  which 


Fig.  105. — Passive  Hyperemia  of  the  Liver.  A  single  lobule,  a,  dis- 
tended intralobular  vein  with  thickened  walls  ;  b,  b',  isolated  groups 
of  degenerated  liver-cells  surrounded  by  enormously  distended  capil- 
laries and  atrophied  liver-cells  ;  c,  fatty  liver-cells,     x  100. 

immediately  surrounds  the  central  vein.  Owing  to  this  thickening  of 
the  central  vein  and  of  the  adjacent  intercellular  network,  and  to  the 


Fig.  106. — Passive  Hyperemia  of  the  Liver.  Two  capillaries  near  central 
hepatic  vein.  Showing  the  thickening  of  the  walls  and  the  accumula- 
tion of  red  blood-corpuscles  within  them,    x  500. 

destruction  of  the  liver-cells,  the  most  central  portions  of  the  acini,  in 
advanced  stages  of  the  disease,  may  appear  to  contain  more  fibrous 
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tissue  than  is  actually  present.  At  tlic  j)eri))lieral  j)arts  of  the  acini 
new  fibrous  tissue  is  occasionally  seen  l)etwccn  tiic  almost  unaltered 
liver-cells.    In  a  few  instances  tills  may  be  a  prominent  feature. 

In  the  earlier  stiiges  of  this  affection  the  liver  is  smooth  and  often 
considerably  Increased  in  size  from  the  large  amount  of  blood  which  it 
contains.  On  section^  it  jiresents  a  peculiar  mottled  appearance,  the 
centre  of  the  lobules  being  of  a  dark-red  colour,  whilst  the  peripiieral 
portions  are  of  a  yellowish-white.  This  latter  appearance  is  occasion- 
ally increased  by  fatty  accumulation  in  the  peripheral  liver-cells.  The 
appearance  of  such  a  section  is  not  unlike  that  of  a  nutmeg  (Fig.  107). 


Fig.  107. — Passive  Hyperceniia  of  the  Liver,  a,  a^,  a-,  intralobular 
veins,  round  which  the  liver-cells  have  atrophied.  This  zone  appears 
pale,  as  the  red  corpuscles,  with  which  the  distended  capillaries  are 
crowded,  are  unstained.  The  external  zone  is  fatty,  but  stains  in  the 
usual  manner.  To  the  naked  eye,  in  unstained  sections,  the  central 
zone  is  dark,  and  the  peripheral  fatty  zone,  pale,     x  25. 

Ultimately,  the  organ  may  undergo  a  gradual  diminution  in  size, 
becoming  more  or  less  irregular  on  the  surface.  This  is  due  to  atrophy 
of  the  central  cells  of  the  lobules,  mainly  from  mal-nutrition  (p.  1 87), 
but  partly  from  pressure  of  the  dilated  central  veins  and  the  con- 
tracting interlobular  growth. 

Passive  Hyperaemia  of  the  Lungs. 

In  the  lungs,  long-continued  passive  hyperaemia  produces  that 
peculiar  Induration  and  pigmentation  which  is  known  as  Brown 
Induration.  This  most  frequently  results  from  stenosis  of  the  mitral 
orifice  or  from  insufficiency  of  its  valves.  Tlie  consequent  changes 
consist,  in    the   first    place,  of  elongation   and   dilatation   of  the 
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pulmonary  capillaries,  so  that  even  in  uninj acted  preparations  the 
alveolar  walls  appear  abnormally  tortuous.  The  epithelial  cells  lining 
the  alveoli  become  swollen,  probably  multiply,  and  are  seen  in  large 
numbers,  filled  with  dark-brown  pigment,  covering  the  alveolar  walls 
(Fig.  108).  They  frequently  accumulate  within  the  alveolar  cavities. 
These  changes  are  followed  by  an  increase  in  the  interlobular  con- 
nective-tissue, by  the  formation  of  large  quantities  of  brownish-black 


Fig.  io8. — Brown  Induration  of  the  Lung.  .Showing  the  abnormal 
number  of  swollen  pigmented  epithelial  cells  covering  the  alveolar 
walls,  the  increase  of  connective-tissue  around  the  blood-vessels,  a, 
and  the  large  quantity  of  pigment  ;  /;,  the  alveolar  cavit)'.     x  200. 

pigment,  and  often  by  a  thickening  of  the  alveolar  walls.  The  bron- 
chial mucous  membrane  is  dark  and  the  small  peribronchial  vessels  are 
dilated.  Sometimes  these  vessels  rupture  and  blood  is  extravasated 
into  the  tissue  of  the  lung.  Not  infrequently  these  changes  occur  with 
and  after  infarction  (p.  210),  a  closely  associated  condition. 

Lungs  in  which  these  changes  are  at  all  advanced  present  a  more 
or  less  uniform  brownish-red  tint,  mottled  with  brown  or  blackish- 
coloured  specks  and  streaks.  They  are  heavier,  tougher,  and  denser, 
as  well  as  less  crepitant  than  normal. 

DROPSY. 

The  normal  tissues  are  continuously  bathed  in,  and  nourished  by, 
the  lymph,  which  derives  its  nutritive  material  from  the  blood,  and 
passes  on  into  that  fluid  the  products  it  receives  in  exchange  from  the 
tissues.  These  products  find  their  way,  either  by  the  veins  or  by  the 
lymphatics,  back  to  the  heart,  and  thence  to  the  lungs,  skin  and 
kidneys.  In  all  j)robability  the  veins  are  quite  as  much  the  soil-pipes 
of  the  tissues  as  the  lymphatics.  To  state  that  there  is,  in  all  parts  of 
the  body,  a  constant  circulation  of  lymph,  transuding  from  the  capil- 
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Itiries  and  returninfj;  by  tlic  lymphatics,  is  more  than  is  justified  by  our 
jjresent  knowledfrc.  Ii,  the  dog,  at  any  rate,  we  know  that  duriiifr 
rest  there  is  no  flow  at  all  from  the  lympliatics  of  the  limbs.  The 
lymphatics  seem  to  perform  most  of  their  work  during  active  exercise, 
or  in  any  local  emergency. 

Lymph  varies  both  in  amount  and  in  composition.  The  two  factors 
which  are  mainly  operative  in  determining  these  are — (1)  the  excess  of 
the  pressure  within  the  capillaries  over  that  in  the  tissues  immediately 
around  them;  and  (2)  the  s])ecial  ])roperties  of  the  cells  of  the 
capillary  walls. 

1.  The  capillary  pressure  is,  in  general  terms,  a  sort  of  resultant 
between  the  arterial  and  venous  pressure.  It  usually  follows  most 
closely  that  in  the  veins.  If  either  the  arterial  or  the  venous  pressure 
rise  or  fall,  while  the  corresponding  venous  or  arterial  pressure  remains 
constant,  the  capillary  pressure  will  rise  or  fall  too,  as  the  case  may  be. 
If,  however,  one  of  them,  either  the  arterial  or  the  venous  jjressure, 
rise  or  fall  while  the  other  moves  in  a  contrarij  direction,  the  resulting 
capillary  pressure  may  i-ise,  remain  constant,  or  fall.  Under  such 
circumstances  the  capillary  pressure  is  difficult  to  estimate,  for  there 
is  no  method  of  direct  measurement.  Most  often,  as  has  been  said,  it 
follows  that  in  the  veins.  A  statement  regai-ding  the  arterial  pressure 
alone  is  rarely  a  safe  guide  to  the  capillary  pressure,  partly  for  the 
reason  just  given,  and  partly  because  the  ai-terioles  may  interpose  an 
additional  indeterminate  factor. 

2.  The  influence  exercised  by  the  capillary  walls  upon  the  pro- 
duction of  lymph  has  been  supposed  by  Heidenhain  and  others  to  be 
of  the  nature  of  an  active,  secretory  process,  but  by  many  it  is  still 
regarded  as  a  passive  factor,  the  efficacy  of  which  depends  only  on  the 
efficient  nutrition  of  the  vessel-walls.    According  to  this  second  \aew, 
a  vessel-wall  is  said  to  be  more  or  less  "permeable  "  in  proportion  to 
(l)  the  readiness  with  which  it  allows  fluid  to  transude  (sensitiveness 
to  pressure) ;  and  (2)  the  resemblance  which  the  transuded  fluid  bears 
to  the  plasma  of  the  blood.     Thus,  so  long  as  the  pressure  remains 
constant,  the  permeabilitij  of  Ike  capillariex  determines  both  the  amount 
and  the  composition  of  the  lymph.     For  example,  the  capillaries  of 
the  liver  are  said  to  be  more  permeable  than  those  of  the  intestine, 
and  those  of  the  intestine  than  those  of  the  limbs.    By  this  is  meant 
that  a  similar  increase  of  pressure  induced  in  each  case  will  not  be 
followed  by  a  similar  result,  but  that  there  will  be  a  marked  increase 
of  the  lymph-flow  from  the  liver,  a  less  increase  from  the  intesthies, 
and  the  smallest  increase  of  all  from  the  limbs ;  and  that  in  any  case 
the  lymph  from  the  liver  will  contain  more  proteid  matter  than  that 
from  the  intestines,  and  that  from  the  intestines  more  than  that  from 
the  limbs.     The  saline  constituents  are  the  same  in  all  cases,  and 
correspond  in  amount  to  that  found  in  the  blood-plasma.    It  is  well 
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known  that  ascitic  fluid  contains  more  albumin  than  uidematous  fluid 
from  the  legs,  and  that  this  is  so  under  all  conditions,  and  does  not 
depend  on  the  disease  producing  the  dropsy.  Damage  —  such  as 
dipping  a  limb  into  very  hot  water — increases  the  permeability  of  the 
capillaries,  and,  therefore,  both  the  amount  of  fluid  transuded  and 
the  resemblance  which  it  bears  to  blood-plasma.  It  is  pi-obable  that  a 
somewliat  similar  but  less  pronounced  change  may  be  caused  by 
gradual  alterations  in  nutrition,  due  to  the  circulation  of  defective 
or  vitiated  blood,  and  that  increased  fi-iction  and  greater  permeabiUty 
may  result. 

Heidenhain  found  that  by  introducing  certain  substances  into  the 
blood  he  could  produce  an  increase  in  the  flow  of  lymph.  These 
substances  he  called  "  lymphagogues,"  believing  that  they  in  some 
way  stimulated  the  supposed  secretory  power  of  the  capillary  Avails. 
Stai-Iing  has,  however,  by  very  ingeniously  contrived  experiments, 
shown  that,  in  the  case  of  dextrose,  the  first  effect  of  its  introduction 
is  to  cause  a  reabsorption  of  fluid  into  the  blood-vessels,  and  a  con- 
sequent increase  in  the  total  quantity  of  fluid  they  contain.  This  in 
its  turn  produces  a  rise  in  the  venous,  and  therefore  in  the  capillary, 
pressure  ;  and  to  this  increased  pressure,  rather  than  to  any  special 
secretoiy  process,  he  attributes  the  additional  lymph-flow.  Starling 
further  shows  that  if  an  amount  of  blood  equal  to  the  expected 
absorption — caused  by  the  introduction  of  the  dextrose — be  previously 
withdrawn,  no  increase  in  the  total  amount  of  blood,  no  rise  of  the 
venous  pressure,  and  no  addition  to  the  ordinary  lymph-flow,  will  occur. 
It  seems,  therefore,  that  permeability  should  still  be  regarded  as 
depending  on  a  diminished  power  of  retention  rather  than  as  an  active 
secretory  process. 

By  dropsij  is  meant  the  retention  of  lymph,  either  in  connective- 
tissue  spaces  or  in  serous  cavities,  though  by  some  writers  it  is  used 
only  with  reference  to  the  latter.  The  term  oedema  is  limited  to 
dropsy  of  the  connective-tissue  spaces,  while  anasarca  means  oedema 
of  the  subcutaneous  tissue.  Thus  we  speak  of  "general  dropsy," 
"  oedema  of  the  lungs,"  "anasarca  of  the  legs." 

It  is  practically  certain  that  the  causes  of  increased  lymph-flow  are 
also  the  causes  of  dropsy.  It  is  quite  certain  that  the  most  marked 
examples  of  dropsy  are,  in  practice,  associated  with  marked  increase 
in  venous  pressure  acting  over  a  long  period.  Among  these,  local 
obstruction  to  the  return  of  venous  blood  plays  the  chief  part.  This 
may  be  caused  by  the  pressure  of  cicatricial  tissue,  or  of  a  tumour,  or 
by  thrombosis.  Inefficienl  action  of  the  heart,  such  as  that  occurring 
in  late  stages  of  valvular  disease,  causes  a  fall  in  arterial,  but  a  rise  in 
venous,  pressure,  with  a  consequent  slowing  of  the  circulation.  As  the 
veins  become  distended  their  valves  become  incompetent,  and  the 
action  of  gravity  on  the  enlarged  blood-column  adds  enormously  to 
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the  pressure  in  tlie  capillaries  of  the  legs  and  thus  produces  anasarca. 
A  slighter  form  of  n'denia  of  the  legs,  in  women  whose  occupation 
involves  much  standing,  is  due  to  the  combined  influence  of  c(>nstij)a- 
tion,  garters,  and  gravity.  In  all  these  cases  the  passive  congestion 
probably  increases  the  pcrmealnlUij  of  the  ca))illary  walls.  The  certainty 
that  the  increased  venous  pressure  is  the  cause  of  the  dropsy  rests 
mainly  on  the  constancy  with  which  the  dropsy  disappears  when  the 
increase  in  pressure  is  removed.  Incrensed  arleiial  pres.mre  is  sometimes 
credited  with  the  j^roduction  of  dropsy,  but  it  is  uncertain  whether,  in 
the  absence  of  increased  venous  pressure,  it  is  a  sufficient  cause.  In 
that  form  of  chronic  Bright's  disease  known  as  "granular  kidney,"  there 
is  a  marked  increase  in  the  arterial  pressure,  but  no  oedema  until  the 
heart's  action  begins  to  fail,  and  the  venous  pressure  consequently 
rises.  Possibly  in  such  conditions  the  contracted  arterioles  may 
partially  neutralise  the  effect  and  act  as  a  guard  to  the  capillaries.  An 
experiment  of  Heidenhain's  shows  how  fallacious  it  is  to  trust  to 
arterial  pressure  as  a  guide  to  capillary  pressure.  By  obstructing  the 
thoracic  aorta  this  observer  enormously  reduced  the  arterial  pressure. 
Notwthstanding  this  reduction,  he  found  that  the  combined  lymph - 
flow  from  the  intestines  and  liver  together  showed  no  proportional  fall, 
though  the  lymjDh  obtained  included  an  appreciably  larger  amount  of 
proteids.  Heidenhain's  inference  was  that  no  process  of  mere  tissue- 
filtration  could  possibly  explain  the  result.  Starling  rejjeated  this 
experiment,  but  took  the  precaution  of  measuring  the  pressures  in  the 
portal  vein  and  in  the  inferior  vena  cava,  as  well  as  in  the  femoral 
artery.  He  found  that  the  enormous  fall  in  the  arterial  pressure  Avas 
accompanied  by  a  considerable  drop  in  that  in  the  portal  vein,  but  b}' 
a  distinct  rise  in  that  in  the  inferior  vena  cava ;  so  that,  though  the 
pressure  in  the  intestinal  capillaries  was  almost  nil,  the  pressure  in 
those  of  the  liver  was  probably  increased.  He  further  showed  that 
the  flow  of  lymph  from  the  intestines  ceased,  while  that  from  the 
liver  (normally  the  more  concentrated)  continued,  as  might  have  been 
inferred  from  the  pressure-conditions.  In  this  way  the  changes  in 
capillary  pressure  were  found  to  explain  the  alterations  in  both  the 
quantity  and  character  of  the  lymjih. 

The  second  great  division  of  dropsy  comprises  those  cases  associated 
with  inflammation  of  the  kidneys  and  deficient  urinary  secretion. 
In  renal  dropsy  the  exuded  fluid  contains  a  smaller  percentage  of  proteid 
and  a  larger  percentage  of  extractives  than  in  dropsy  due  to  increased 
venous  pressure,  although  the  same  proportionate  difference  between 
the  composition  of  tlie  ascitic  and  subcutaneous  fluid  obtains.  The 
urine  in  renal  dropsy  generally  contains  a  large  amount  of  albumin, 
and  the  consequent  diminution  in  the  albumin  of  the  blood  jjossibly 
affords  some  exj)lanation  of  the  small  amount  in  the  dropsical  fluid. 
Moreover,  in  these  cases  there  is  no  ascertained  increase  of  venous 
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pressure.  It  is  true  that  the  pressure  in  tlie  arteries  is  often  raised, 
but  the  rise  bears  no  uniform  relation  to  the  cedema.  Possibly  the 
dropsy  is  due  to  the  action  of  some  toxic  substances  upon  the  capillary- 
walls,  whereby  their  permeability  is  increased.  There  is,  however,  no 
constant  relationship  between  dropsy  and  uraemia,  which  is  also  believed 
to  depend  on  a  similar  cause.  It  has  been  suggested  that  in  these 
cases  there  are  substances  circulating  in  the  blood  which  act  like  the 
experimentally  injected  dextrose,  and  that  these  substances  produce  a 
condition  of  plethoric  hydroetnia  and  a  consequent  general  rise  of  blood 
pressure,  followed  by  oedema.  Against  this  view  it  may  be  urged  that, 
in  the  experiment  referred  to,  the  increased  flow  affects  only  the 
abdommal  viscera,  whereas  the  oidema  in  Bright's  disease  is  distributed 
over  all  the  loose  tissues  on  the  surface  of  the  body.  We  know, 
however,  practically,  that  improvement  in  the  quality  of  the  blood  is 
followed  by  diminution  in  the  amount  of  oedema. 

In  cardiac  failure  there  must  be  some  hindrance  to  the  exit  of 
lymph  from  the  thoracic  duct,  and  this  may  be  an  adjunct  in  dropsy 
due  to  cardiac  causes.  Local  pressure  on  the  lymphatics  does  not 
usually  produce  cedema,  though  the  occasional  presence  of  chyle  in 
the  urine,  or  in  the  pleural  or  peritoneal  cavities,  is  generally  attributed 
to  blocking  of  the  respective  lymphatics  by  growths  or  parasites,  or  to 
rupture  of  the  thoracic  duct  or  receptaculum  chyli. 

In  anaemia,  neuralgia,  exophthalmic  goitre,  tumours  of  the  spinal 
cord,  and  other  diseases,  slight  degrees  of  cedema  are  occasionally  met 
with.  Section  of  the  spinal  cord  produces  vaso-constrictor  paralysis, 
and  tumours  probably  act  in  a  similar  manner.  In  the  other  cases 
vaso-motor  derangements  are  common,  and  though  their  cause  is  less 
definitely  ascertained,  paralysis  of  vaso-constrictor,  or  direct  action 
of  vaso-dilatator  nerves  is  probable,  and  would  furnish  a  sufficient  cause. 
Experimental  anaemia  gives  rise  to  no  increased  lymph-flow,  but  it 
does  not  follow  that  defective  blood  acting  over  a  long  period  might 
not  increase  the  permeability  of  the  capillaries.  Experiments  on  the 
spinal  cord,  and  on  the  splanchnic  and  vagus  nerves,  have  hitherto 
failed  to  afford  satisfactory  evidence  of  the  existence  of  any  nervous 
cause  of  cedema  apart  from  vaso-motor  changes. 


THROMBOSIS. 

Thrombosis  is  the  coagulation  of  the  blood  within  tlie  vessels 
during  life.  The  product  is  called  a  thrombus,  in  opposition  to  a 
coagulum  or  clot — the  result  of  post-mortem  coagulation.  Throm- 
bosis may  occur  in  the  heart,  arteries,  capillaries,  and  especially  in  the 
veiiiJi.  It  is  by  no  means  certain  that  the  jjrocess  of  coagulation  is  the 
same  in  all  cases. 
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CAUSATION.  -Tlirombosis  is  generally  said  to  be  due  to  one  or 

more  of  llucc  causes  :  daniajre  or  absence  of  tlie  liniiifr  cells  of  the 
vessel-walls  ;  retardation  of  the  blood-stream  ;  and  ehanj^es  in  the  blood 
itself  increasing  its  coagulability. 

I.  Damage  or  Absence  of  the  Lining  of  the  Vessel-wall. 

When  coagulation  of  circulating  blood  occurs,  it  is  usually  upon  some 
obviously  diseased  surface.  It  is  probable  that  the  influence  of  the 
vessel-wall  is  neutral  or  passive  so  long  as  it  is  living  and  healthy. 
Thus  the  normal  vessel-wall  may  be  compared  to  greasy  and  viscous 
substances,  like  vaseline,  i)araffin  and  castor  oil,  in  contact  with  which 
blood  may  be  kept  fluid  for  long  periods,  and  yet  be  ready  to  coagulate 
normally  as  soon  as  it  touches  rough  solid  matter  to  which  the  cor- 
puscles can  adhere. 

Although  the  vessel-wall  has  been  spoken  of,  the  integrity  of  the 
atdothelial  layer  is  alone  necessary.  Fatty  and  calcareous  changes  of 
the  deeper  structures  do  not  cause  thrombosis,  whilst  atheromatous 
ulcers,  foreign  bodies,  and  nodules  of  new-growths — all  uncovered  bv  en- 
dotheUum — may  ;  moreover,  severe  injury  of  capillaries,  which  possess 
onl)'  endothelium,  causes  thrombosis  in  them.  Damage  or  absence  oj 
the  cndoiheliam  of  the  blood-vessels  is  the  most  important  condition  in 
the  production  of  thrombosis.  This  damage  or  absence,  as  already- 
stated,  may  be  due  to  many  causes. 

1.  Tiij'jines  may  destroy  or  injure  the  endothelium.  Among  the  most 
important  of  these  are  section,  rupture,  ligature,  and  torsion  of  vessels. 
In  section  and  rupture,  thrombosis  starts  from  the  damaged  intima  and 
constitutes  ])art  of  the  process  by  which  haemorrhage  is  naturally  and 
temporarily  arrested  (p.  204).  Cauteries  and  caustics  furnish  other 
examples  of  the  effect  of  injury  in  producing  thrombosis. 

2.  Diseases  of  the  vessel-walls  may  affect  the  endothelium.  Thus, 
thrombosis  may  occur  on  atheromatous  ulcers,  on  bare  calcareous  plates, 
or  on  an  intima  damaged  by  syphilitic  inflammation,  or  by  the  extension 
of  spreading  inflammations  from  other  parts. 

There  is  some  uncertainty  concerning  the  part  played  by  the  walls 
of  the  veins  in  the  production  of  thrombosis.  The  influence  of  inflamma- 
tion of  the  walls  (acute  phlebitis)  in  pycemia  is  considered  elsewhere, 
but  venous  thrombosis  is  also  a  frequent  complication  in  many  chronic 
wasting  diseases,  specific  fevers,  and  other  disorders.  Pyogenic  or  other 
micro-organisms  are  present  in  most  of  the  thrombi  occurring  in  these 
case.s,  and  in  some  of  the  instances  there  is  but  little  doubt  that  an 
infective  phlebitis  has  jireceded  the  thrombosis  (Welch).  The  organisms 
may  be  derived  from  the  blood  circulating  in  the  afltcted  veins.  As  in 
endocarditis,  they  cause  necrosi.s  of  the  endothelium,  thus  giving  rise 
to  fibrin-ferment,  while,  later  on,  they  lead  to  inflannnatory  changes  in 
the  vessel-wall.  It  is  possible  that  in  some  cases  the  organisms  may  reach 
the  vessels  by  way  of  the  vasa  vasorum  or  lymphatics. 
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.'}.  Imperfect  hlood-supplij  to  a  pai-t,  causing  disease  oj  the  vessel-walls 
hij  imperfect  nutrition.  Here  slowing  of  the  circulation  is  the  indirect, 
and  deficient  vascular  supply  the  immediate,  cause.  It  is  probably  not 
a  very  important  group,  as  there  are  reasons  for  supposing  tliat  the 
nutrition  of  the  intima  may  be  maintained  by  the  circulation  in  the  vasa 
vasorum,  apart  from  that  in  the  affected  vessel  (Fig.  1 09 ;  see  Inflam- 
mation of  Arteries),  and  there  is  no  necessary  relationship  between 
these  two  portions  of  the  circulation.  Tliis  cause  is  chiefly  operative 
in  the  case  of  the  smallest  vessels.  The  conditions  affecting  the  blood- 
supply  will  be  considered  in  a  subsequent  section. 


Fig.  109. — Section  of  a  Thrombosed  Popliteal  Artery,  a  fortnight  after 
ligature,  showing  persistence  of  almost  the  whole  of  the  intima. 
The  thrombus  has  been  torn  from  the  vessel-wall,     x  80.    (Mott. ) 

4.  The  presence  of  foreign  bodies  in  the  vascular  system.  These  com- 
prise such  things  as  needles,  horsehair,  or  wire  introduced  into  the  sac 
of  an  aneurysm ;  pre-existing  clots  (thrombi  or  emboli)  ;  parasites,  such 
as  Distomata,  which  have  penetrated  the  vessels ;  and  new-growths 
which  project  into  the  interior  of  veins.  In  all  these  instances  the 
thrombus  forms  first  upon  the  foreign  substance  itself.  The  roughness 
of  the  surface  of  the  foreign  body  seems  to  be  a  ftictor  of  some  im 
portance.  Zahn  introduced  small  glass  balls  without  producing  any 
thrombosis. 

II.  Retardation  of  the  Blood-stream. — Sometimes  the  causes 
Just  considered  (abnormality  of  surface)  are  insufficient  to  cause  exten- 
sive clotting,  until  retardation  of  the  blood-stream  is  added.  For 
example,  in  the  aorta  we  sometimes  find  calcareous  plates  uncovered 
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by  endotliclium,  but  witli  little  or  np  adherent  fibrin.  In  aiieiiri/xinx, 
too,  the  wall  is  always  abnormal  and  the  circulation  somewhat  retarded; 
but  sufficient  clotting  to  effect  a  cure  may  not  occur  until,  by  treat- 
ment, we  still  further  reduce  the  current,  and  thus  ))rolong  the  conbict 
of  the  blood  witli  the  abnormal  surface.  In  vehu;  however,  where  the 
blood-current  is  slow,  slight  lesions  in  the  walls  are  ra])idly  followed  by 
thrombosis. 

On  the  other  hand,  retardation,  or  even  arrest,  seems  unai)le  by 
itself  to  produce  thrombosis.  So  long  as  the  endothelium  is  kept  fairly 
nourished  and  the  blood  is  of  normal  quality  and  free  from  micro- 
organisms, the  stagnant  blood  does  not  coagulate. 

How  are  these  different  results  to  be  explained Impaired  circula- 
tion in  a  part  means  damage  to  all  the  tissues  sup])lied — to  the  endo- 
thelium of  the  vessels  among  others.  It  is,  of  course,  possible  that 
diminisliiiig  the  rapidity  of  the  blood-stream  may  have  no  other  influ- 
ence than  that  which  it  exerts  in  this  direction.  There  are,  however, 
reasons  for  assigning  to  it  a  more  direct  action.  All  parts  of  a  stream 
flowing  through  a  tube  do  not  proceed  at  the  same  rate.  The  central 
or  axial  pai-t  of  the  stream  invariably  travels  faster  than  the  perijjheral 
or  periaxial,  for  it  is  exposed  to  less  friction.  If  solid  particles  be 
suspended  in  such  a  fluid,  those  with  a  specific  gravity  most  closely 
approaching  that  of  the  fluid  will  move  most  rapidl}^,  and  maintain 
their  position  in  the  axial  stream  most  easily.  If  the  rate  of  flow  be 
diminished,  the  tendency  of  the  suspended  particles  to  remain  in  the 
axial  stream  will  also  diminish,  and  this  will  be  in  proportion  to  the 
difference  between  their  respective  specific  gravities  and  that  of  the 
fluid  in  which  they  are  suspended. 

In  most  arteries  and  in  many  veins  the  periaxial  stream  contains 
only  plasma  and  a  few  leucocytes.  But  directly  the  stream  slackens 
leucocytes  leave  the  axial  stream  in  large  numbers  and  lag  beliind  close 
to  the  walls,  while  even  the  red  corpuscles  maintain  less  perfectly  their 
axial  position.  The  blood-platelets  generally  occupy  the  axial  stream, 
but  fall  out  soon  after  the  leucocytes,  and  from  the  same  cause. 
Now  whether  we  attribute  to  the  leucocytes  or  to  the  platelets  the 
chief  function  in  the  production  of  the  thrombus  (p.  200),  it  is  quite 
evident  that,  though  the  lining  membrane  of  the  vessel  be  diseased, 
yet  the  increased  friction  thereby  produced  may  be  insufficient  to  cause 
any  practical  slowing  of  the  blood-stream  at  that  point,  and  insufficient, 
therefore,  to  bring  either  platelets  or  leucocytes  into  contact  with  the 
damaged  part  of  the  wall.  In  this  way  we  may  have  an  abnormal 
endothelial  lining  without  any  resulting  thrombosis. 

On  the  other  hand,  when  the  current  is  slow,  as  in  the  veins,  the 
leucocytes  and  platelets  will  readily  come  into  contact  with  the  sides 
of  the  vessel  and  may  produce  clotting,  even  though  the  damage  to  the 
vessel-wall  be  comparatively  slight.    In  this  way  we  find  that  neither 
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damage  to  tlie  endotlielium  nor  slowing  of  the  circulation  need  be 
followed  by  thrombosis ;  and  that  the  former  is  the  more  important 
cause  of  the  two,  because  there  are  many  places  where  the  blood-stream 
is  naturally  slow.    The   occurrence  of  local 
eddies  in  the  blood-stream  is  probably  of  con- 
siderable importance  in  determinmg  the  occur- 
rence and  position  of  thrombi  (Fig.  110). 

A  tendency  to  stagnation  of  blood  may  be 
due  to  many  causes,  of  which  the  most  impor- 
tant are  cardiac  weakness,  general  diminution 
of  vascular  tonus,  and  dilatation  (^varix)  of  veins. 
All  these  are  often  present  in  a  single  case  and, 
combined  with  the  action  of  micro-organisms, 
are  the  prmcipal  factors  in  the  causation  of  the 
"  marasmic  clots  "  of  Virchow.  These  form  m 
the  most  dependent  veins — e.g.,  those  of  the  lower 
limb,  pelvis,  or  back ;  in  the  cerebral  veins  and 
sinuses,  where  the  venous  circulation  is  ordinarily 
very  slow  and  difficult ;  and  in  those  parts  of  the 
heart  in  which  blood  tends  to  remain  when  the 
organ  first  fails  to  contract  efficiently — e.g.,  the 
auricular  appendices,  the  apices  of  the  ven- 
tricles, and. the  spaces  between  the  trabeculae. 
In  veins  these  clots  begm  just  behind  the  flaps 
of  valves  (Fig.  110).  The  force  of  the  venous 
current  is  so  slight,  or  the  resistance  to  it  so 
great,  that  it  no  longer  ojDens  the  valves  com- 
pletely ;  the  blood  consequently  stagnates,  and, 
after  a  time,  coagulates  behind  the  cusps.  Such 
clots  occur  in  the  course  of  many  exhausting 
diseases — as  phthisis  and  cancer — in  which 
thrombosis  is  materially  facilitated  by  the 
quiescent  state  of  the  patient. 

In  varicose  veins,  which  are  frequently  the 
seats  of  thrombosis,  the  circulation  is  extremely 
slow,  and  the  endothelium,  owing  to  imperfect 
nutrition,  can  scarcely  ever  be  healthy,  though 
it  is  not  always  so  damaged  as  to  excite  coagu- 
lation. 

III.  Certain  conditions  of  the  blood  seem  to  fevour  coagula- 
tion and  to  promote  the  occurrence  of  thrombosis.  It  is  said  that 
the  tendency  to  coagulation  is  increased  during  the  later  months  of 
pregnancy,  after  profuse  hajmorrhage,  and  in  certain  acute  inflam- 
matory diseases,  such  as  acute  rheumatism,  erysipelas,  pneumonia  and 
pleurisy.    The  only  two  ascertained  changes  in  the  blood,  likely  to 


Fig.  no. — Diagram  to  show 
Phenomena  of  Venous 
Thrombosis,  v,  v',  valves 
of  veins ;  a,  b,  primary 
thrombus  (white) ;  c,  d,  e, 
f,  g,  secondary  white 
thrombi  connected  with 
primary  white  thrombus 
by  various  red  thrombi ;  h, 
piece  of  white  thrombus 
becoming  detached  by 
blood  current.  (Modified 
from  Thoma. ) 
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lead  to  thrombosis,  are  (l)  tlie  jiresenoe  of  micro-orf^anisms,  and  tlieir 
products^  and  (2)  an  increase  in  the  j)hitelets.  Tlie  vikro-orgaiiUmi- 
may,  in  addition  to  their  other  results,  assist  thrombosis  by  jiroducing 
"  cluniping-  "  of  the  red  corpuscles.  Tlie  plalelcls  may  be  found  in  large 
numbers  at  the  end  of  many  of  the  acute  fevers,  constituting  a 
'•'platelet-crisis"  (Hayem),  while  a  moderate  increase  has  been  often 
obsei-ved  in  antemia,  spleno-medullary  leucocythamia  and  other 
diseases.  To  whatever  cause  it  may  be  due,  an  increased  tendency  of 
the  blood  to  coagulate  is  probably  never  more  than  a  predis))osing 
cause  of  thrombosis. 

It  is  well  known  that  the  presence  of  calcium  salts  is  essential  to  tlie 
coagulation  of  the  blood  ;  while  the  addition  of  oxalates  will  neutralise 
the  effect  of  their  presence  and  prevent  coagulation.  So  also,  among 
the  products  of  cell-action,  substances  allied  to  nuclein  aid  coagulation, 
while  albumoses  hinder  it.  The  bearing  of  these  facts  upon  the 
phenomena  of  thrombosis  is  at  present  unknown. 

CHARACTERS  OF  CLOTS  AND  THROMBI.— Post- 
mortem coagula  in  the  heart  are  generally  buffij.  The  thickness  and 
firmness  of  the  pale  layer  generally  varies  with  the  time  which  elapses 
before  the  changes  in  the  heart-substance  allow  coagulation  to  begin, 
but  is  to  some  extent  dependent  on  the  tendency  of  the  red  corpuscles 
in  certain  diseases — e.^.,  pneumonia — to  form  dense  clumps  instead  of 
more  open  meshes  or  i-ouleaux :  its  position  indicates  the  part  that 
was  uppermost  after  death.  Though  not  adherent,  the  clots  are  often 
so  much  entangled  among  the  chordae  and  trabeculae,  that  they  cannot 
readily  be  removed.  Post-mortem  clots  in  the  vessels  are  red,  soft,  and 
never  adherent.  They  do  not  Jill  the  vessels,  and  can  be  easily  drawn 
out  of  them  as  long  strings. 

Thrombi  or  ante-mortem  clots  are  of  two  kinds — red  and 
white,  according  as  they  originate  from  stagnant  or  from  circulalivg 
blood. 

In  the  former  case,  as  seen  in  an  artery  or  vein  after  ligature,  more 
or  less  of  the  stagnant  blood  on  either  side  of  the  knot  coagulates 
into  an  ordinary  red  clot — soft,  uniform  on  section,  and  adherent  to 
the  vessel- wall  where  this  is  injured.  The  thrombus,  still  adhering  to 
the  wall,  then  contracts,  becomes  drier  and  less  elastic,  but  still 
remains  red.  This  is  the  state  in  which  a  red  thrombus  is  generally 
found.  If  the  surface  of  a  red  thrombus  be  exi)osed  to  circulating 
blood,  a  layer  of  ivhite  thrombus  may  be  deposited  on  it  (Fig.  110). 

When  coagulation  occurs  in  blood  which  is-  still  circulating,  as  in  the 
sac  of  an  aneurysm  or  on  a  cardiac  vegetation,  a  white  or  mixed 
thrombus  results. 

This  is  made  up  of  a  mass  of  blood-])latelets,  fibrin  and  leucocytes. 
According  to  Welch,  the  first  depo.sit  in  a  white  thrombus  consists  of 
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platelets  in  the  form  of  pale  roundish  bodies,  in  size  averaging  a 
quarter  of  that  of  a  red  corpuscle.  In  a  short  time,  between  and  at 
the  edges  of  the  masses  of  platelets,  a  deposit  of  uninjured  multi- 
nucleated leucocytes  begins,  and  shortly  afterwards  fibrin  appears  at 
the  same  places.  Ordinary  white  thrombi  are  greyish-white  or  reddish 
in  colour,  firmly  adherent  to  the  vessel-wall,  and  usually  stratified. 
Examined  microscojiically,  they  are  found  to  consist  of  granular  masses 
made  up  of  altered  platelets  and  separated  from  one  another  by  fibrin, 
leucocytes,  and  a  larger  or  smaller  number  of  red  corpuscles. 

A  thrombus  may  be  either  jmrietal  (forming  one  or  more  laminae 
attsiched  to  the  vessel-wall)  or  obstructive  (completely  filling  up  the 
lumen),  thus  causing  either  partial  or  complete  occlusion  of  the  vessel. 
A  parietal  thrombus  is  always  of  the  white  variety,  while  an  obstructive 


Fig.  III. — Section  of  an  Arterial  Thrombus — thirty-seven  days  old. 
a,  new  blood-vessels  ;  b,  leucocytes  and  anastomosing  cells.  (Rind- 
fleisch. ) 

thrombus  may  be  either  red  or  white.  Once  formed,  both  varieties 
extend  in  the  same  way,  by  the  formation  of  a  red  thrombus  where 
the  blood  is  stagnant,  and  by  the  deposition  of  platelets,  fibrin  and 
leucocytes  where  it  is  circulating.  A  parietal  may  be  thus  converted 
into  an  obstructive  thrombus.  The  extension  of  the  latter  is  generally 
checked  by  the  rapidity  of  the  blood-current  at  the  junction  of  the 
first  large  collateral  branch  in  each  direction  (Fig.  110)  ;  but  sometimes, 
especially  in  veins,  the  thrombosis  continues,  and  a  clot  may  extend 
from  the  veins  of  the  foot  to  the  vena  cava.  Both  in  arteries  and 
veins,  extension  is  most  likely  to  take  place  in  the  direction  of  the 
circulation,  though  it  may  occur  in  an  opposite  direction.  Obstructive 
thrombi  generally  adhere  to  the  wall  throughout  their  whole  length, 
but  sometimes  they  do  so  only  at  their  jjoints  of  origin. 

A  few  rare  forms  of  thrombus  are  occasionally  met  with.  (1 )  Hyaline 
thrombi.  In  the  smallest  vessels,  and  esjiecially  in  tlie  capillaries,  there 
are  sometimes  found  refractive  homogeneous  translucent  Jilugs,  readily 
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coloured  dm-k  blue  with  Weigert's  fibrin-sbiiii.  Tliese  are  jjrobably 
derived  either  from  platelets  or  directly  from  red  corpuscles.  ('2)  Fib- 
riiioitx  Ihrombi.  Masses  of  fibrin  are  occasionally  found  l)locking  the 
smaller  vessels,  especially  in  the  consolidated  j)ortions  of  the  lung  in 
acute  jmeumonia.  (3)  Lciicoci/lir  Ihrovihi.  Vessels  are  sometimes  found 
filled  with  leucocytes,  but  it  is  doubtful  if  these  should  be  regarded  im 
true  thrombi. 

FINAL  CHANGES  IN  THROMBI.— Thrombi  may  remain 
with  but  little  change  beyond  decoloitrisalion,  or  they  may  undergo 
sofleiting  or  become  organised. 

Decolourisation. — The  first  change  in  a  red  thrombus  is  a  break- 
ing-down of  the  red  corpuscles.  Their  stromata  become  unrecognisable, 
and  the  hsemoglobin  is  set  free  and  in  great  part  absorbed,  though 
some  may  remain  as  granular  hsematoidin.  As  a  result,  the  thrombus 
loses  its  deep  red  colour  and  acquires  a  finely  mottled  reddish-grey 
tint.  The  process  begins  in  the  centre,  and  takes  weeks  or  months 
before  it  is  completed. 

Long  thrombi,  such  as  occur  after  ligature  of  the  lower  part  of  the 
carotid,  as  well  as  large  laminated  thrombi,  like  those  in  aneurysms, 
may  remain  for  long  periods  as  more  or  less  granular  masses  of  non- 
irritant  fibrin,  without  any  sign  of  organisation  or  of  softening. 

Calcification  may  occur  in  these  thrombi  as  a  late  change,  and  thus 
give  rise  to  phleholitlis.  These  are  especially  common  in  the  prostatic 
plexus. 

Softening. — That  thrombi  can  disapjjear  and  leave  the  lumen  of 
the  vessel  pervious  is  certain ;  for  when  it  was  the  custom  for  vene- 
section to  be  performed  at  regular  intervals,  the  repeated  bleedings 
were  frequently  effected  from  the  same  vein.  In  modern  times  also, 
re-estabUshment  of  the  circulation  is  known  to  have  occurred  through 
spermatic  veins  and  through  the  superficial  veins  in  the  leg,  in  cases 
where  thrombosis  had  undoubtedly  taken  place. 

The  process  by  which  tliis  occurs  is  not  known,  but  in  a  large 
number  of  cases  it  is  probably  the  result  of  some  form  of  softening 
process.  Softening  may  be  smi])le  or  infective.  Infective  softening  is 
invariably  due  to  pyogenic  or  putrefactive  organisms.  Organisms  are 
often  found  in  simple  softening,  but  this  variety  is  not  infective,  and 
probably  has  some  other  cause. 

1.  Simjde  softening. — The  changes  commence  by  the  disintegration 
of  the  centre  of  the  thrombus  and  by  the  formation  of  a  more  or  less 
fluid,  pajipy  substance,  which  has  a  reddish-grey  colour,  varjnng  with 
that  of  the  thrombus  which  is  undergoing  the  change.  To  the  naked 
eye  the  fluid  often  looks  like  pus,  and  the  process  is  still  sometimes 
spoken  of  as  the  "puriform"  softening  of  a  clot.  But  Virchow  long 
ago  pointed  out  that  the  fluid  consisted  of  the  debris  of  corpuscles  and 
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fibrin — albuminous,  fatty,  and  pigmentary  granules.  There  may  be  a 
few  recognisable  white  corpuscles  in  it,  which  have  probably  migrated 
from  without.  In  cases  of  constriction  of  the  mitral  orifice  of  the 
heai't,  with  consequent  dilatation  of  the  left  auricle  and  slowing  of  the 
circulation,  large  clots  undergoing  tliis  change  may  be  found  in  the 
auricles.  They  consist  of  little  more  than  bags  of  thick,  grumous 
fluid.  The  outer  laminae  generally  form  a  firm  case  for  the  softened 
central  part,  and  if  the  softening  approach  the  surfece,  this  case  is 
often  thickened  at  that  point  by  the  formation  of  fresh  protective  clot. 


Fig.  112. — Section  through  a  Portal  Ca?ial  in  a  Case  of  Suppurative  Pyle- 
phlebitis arising  in  connection  with  "umbilical  pyceniia. "  The 
vein-wall  (V)  is  converted  into  granulation-tissue.  Lumen  of  vein 
is  below  on  the  left,     x  60.  (Boyd.) 

Not  infrequently,  however,  the  encasing  clot  may  be  perforated  and 
the  contents  discharged  into  the  circulation.  The  larger  particles  may 
form  emboli  (p.  207),  probably  too  minute  to  cause  symptoms.  When 
the  contents  of  an  obstructive  thrombus  occurring  in  an  artery  or  vein 
are  thus  discharged,  the  circulation  in  the  vessel  may  be  re-established 
through  the  centre  of  the  thrombus.  This  process  constitutes  one 
form  of  canalisalion  of  a  thrombus. 

2.  Infective  .sojiening. — Certain  cases  of  punform  softening,  similar, 
so  far  as  the  naked  eye  can  detect,  to  the  above,  are  accompanied  by 
all  the  symptoms  of  septic  poi.soning.  The  wall  of  the  affected  vein  is 
found  acutely  inflamed  and  often  suppurating  (Fig.  112);  while  any 
portions  of  the  clot  which  enter  the  circulation  are  so  charged  with 
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orgnnisms  that  suppuration  ensues  wherever  tliey  are  lodged  (see 
Pya'niia).  Tiie  Sireptucucciix  pyogenes  is  the  organism  most  fre- 
quently present,  and  to  it  the  infeetive  properties  of  the  Ijroken- 
down  clot  are  due.  In  the  great  majority  of  these  cases  the  veins 
affected  lead  directly  from  a  wound,  and  then  the  mode  of  entry  of 
the  s])ecific  microcoqpi  is  evident.  In  many  cases,  no  direct  infection 
can  be  traced.  Wlien  infective  softening  is  due  to  putrefactive  bacteria 
the  tiirombus  is  converted  into  a  stinking  yellowish  red  fluid. 

Organisation. — Organisation    of    thrombi    is   most  frequently 


Fig.  113. — Orgatiisation  of  a  Thrombus,  a,  middle  coat  of  vein;  b, 
proliferation  of  cells  of  internal  coat ;  c,  portion  of  unaltered  throm- 
bus infiltrated  with  leucocytes ;  d,  spaces  lined  by  spindle-cells 
forming  the  new  vessels  in  the  organised  thrombus ;  e,  site  of  old 
thrombus  now  occupied  by  spindle-cells  and  fibrillated  tissue,  x  200. 
(From  a  specimen  by  J.  D.  Rolleston.) 

observed  in  arteries  which  have  been  ligatured.  By  this  procedure 
the  middle  and  internal  coats  are  divided  ;  the  cut  ends  of  these  at 
once  retract  and  become  inverted,  while  a  red  thrombus  forms  on  each 
side  of  the  ligature,  extending  from  the  divided  ends  until  it  almost 
or  quite  reaches  the  first  collateral  branch.  The  thrombus  thus  formed 
undergoes  the  changes  described  under  decolourisation,  and  gradually 
disintegrates,  playing  a  purely  passive  part  in  the  subsequent  j)rocess. 
The  cut  ends  of  the  vessels  undergo  proliferative  inflammatory  changes. 
The  intima  becomes  thickened,  and  the  internal  elastic  lamina  obscured 
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and  in  places  broken  up.  The  clot  becomes  gradually  invaded  and 
replaced  by  new  cells  derived  from  the  endothelium  and  fixed  con- 
nective-tissue cells  of  the  vessel  (Fig.  113)  by  what  is  apparently  a 
proliferative  inflammation.  Channels  lined  with  these  cells  traverse  the 
clot,  and  here  and  there  separate  it  from  the  vessel-wall  (Fig.  114). 
These  ultimately  form  blood-vessels  connected  with  the  now  enlarged 
vasa  vasorum,  by  means  of  vessels  entering  by  the  cut  end  or  by  the 
spaces  where  the  internal  elastic  lamina  has  disappeared.    The  vessels 


C 


a 


Fig.  114. — Organised  Thrombus.  The  thrombus  is  replaced  by  a  mass 
of  fibrous  tissue  lined  with  endothelium.  Two  large  channels  have 
been  formed,  one  (a)  between  the  wall  of  the  vein  and  the  thrombus ; 
the  other  (b)  through  the  thrombus  (canalisation).  Where  the 
organisation  is  most  complete  (c,  c')  the  wall  of  the  vein  is  thickest. 
X  15.    (From  a  specimen  by  Dr.  RoUeston. ) 

(Fig.  115)  and  channels  (Fig.  11 4)  in  the  clot  occasionally  communicate 
with  the  blood  in  the  ligatured  vessel ;  eventually  the  clot  becomes 
entirely  replaced  by  fibrous  tissue,  reducing  the  affected  portion  of 
the  vessel  to  a  mere  cord.  In  venous  thrombosis  the  vessels  and 
channels  in  the  thrombus  may  communicate  witli  the  lumen  of  the 
vessel  on  both  sides.  In  this  way,  by  another  form  of  cana/isatioii 
(p.  203),  the  circulation  may  become  more  or  less  completely  re- 
established. This  is  especially  frequent  at  the  junction  of  the 
common  iliac  veins  in   cases  of  while  leg  {pJilcgviasid  do/ens).     It  is 
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rare  in  Jirteries.  Complete  orjranisfitioii  depends  to  a  large  extent 
upon    tlie    nutrition  of  the  affected  vessels,  the   maintenance  of 

asepsis,  and  the  general  health  of 


itf  m 


the  patient. 


RESULTS. —The  results  of 
thrombosis  comprise  certain  changes 
in  the  walls  of  the  vessels,  more  or 
less  obstruction  to  the  circulation, 
and  embolism.  These  must  be  con- 
sidered separately. 

1.  Changes  in  the  Vessels. 
— Changes  in  the  wall  of  the  vesse 
are  an  invariable  consequence  of  the 
formation  of  a  thrombus.  The 
changes  which  occur  in  the  organi- 
■  •'''^'■^^011  of  a  thrombus  are  really  changes 

1^  \  ^     "^k'^sSI^B  vessel  -  wall  (p.  205) ;  and 

1  f--^^  ^i^ds^-^K^fsm^mm^    when   the   thrombus   undergoes  a 

process  of  infective  sojieniiig,  acute 
Fig.  115. — Longitudinal  Section  of  the  inflammation    takes   place   in  the 
Ligatured  End  of  the  Crural  Artery  of  yessel-wall  (p.  203).     In  many  cases. 


a  Dog — fifty  days  after  the  application  ,  ■   n  ,  ■  1 

r  r  .  ev,  ■  .u  i  howcver,  the  inflammation  precedes 
of  the  hgature.     Showing  the  newly  '  " 

as  well  as  follows  the  thrombosis, 


and 


cular  coat ;  2,  external  coat  and  vasa 
vasorum.     x  20.    (O.  Weber.) 

obstruction   to  the  circulation, 


ligature. 

formed  vessels  in  the  thrombus 
their  communication  with  the  vasa  and  must  be  regarded  as  its  im- 
vasorum.    Th,   thrombus;    M,   mus-  mediate  cause. 

2.  Obstruction  to  the  Circu- 
lation.— The  consequences  of  the 
resulting  from  the  formation  of  a 
thrombuSj  will  depend  upon  the  rapidity  and  manner  of  its  formation, 
the  nature  and  size  of  the  vessel  obstructed,  the  situation  and  number 
of  the  collateral  branches  and  the  force  of  the  circulating  cun-ent. 
The  rapidity  with  which  the  obstruction  is  affected  is  of  considerable 
importance,  inasmuch  as  the  more  gradual  the  process  the  longer  is 
the  time  allowed  for  the  establishment  of  a  collateral  circulation.  For 
this  reason  the  interference  with  the  circulation  caused  by  thrombosis 
is,  for  the  most  part,  less  marked  than  that  which  results  from  the 
more  sudden  obstruction  caused  by  embolism. 

The  obstruction  to  the  circulation  may  lead  to(l)  necrosis {^\>.  I6, 18) 
with  or  without  infarction  (p.  21 1),  and  (2)  (/ro/w/y  (p.  193).  Necrosis 
is  especially  likely  to  result  from  obstruction  in  the  cerebral  vesseh,  as 
the  nutrition  of  highly  specialised  tissues,  like  the  brain,  suffers  directly 
their  blood-supply  is  interfered  with.  Infarction  is  a  more  frecjuent 
sequence  of  embolism  than  of  thrombosis,  and  will  be  considered  in 
the  next  section. 
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In  the  veins,  when  thrombosis  occurs  in  a  vessel  of  small  size  and 
when  collateral  branches  are  numerous,  as  in  the  prostatic  or  uterine 
plexuses,  the  circulation  is  but  little  interfered  with,  and  no  symptoms 
of  obstruction  result.  If,  however,  the  main  trunk  of  a  large  vein,  as 
the  ilio-femoral,  becomes  obliterated,  the  obstruction  is  followed  by 
passive  hyperaemia  and  dropsy,  the  extent  and  duration  of  which  will 
depend  upon  the  fecility  with  which  the  circulation  can  be  restored  by 
the  collateral  vessels.  It  must  be  remembered,  however,  that  the 
valves  in  veins  when  they  exist  may,  by  preventing  back-flow,  offer 
a  great  impediment  to  collateral  circulation.  Thrombosis  in  the  ilio- 
femoral vein  frequently  occurs,  as  already  stated,  in  the  later  stages  of 
many  chronic  debilitating  diseases,  especially  in  phthisis  ;  also  in  the 
puerperal  state,  where  it  is  frequently  found  in  phlegmasia  dolens.  The 
extent  of  the  thrombus,  the  number  of  collateral  branches  which  it 
blocks,  and  the  strength  of  the  circulation,  will  do  much  to  account 
for  the  amount  of  oedema. 

The  results  of  obstruction  in  arteries  are  considered  elsewhere 
(p.  210). 

3.  Embolism. — Portions  of  the  thrombus  may  be  carried  away  by 
the  circulation,  thus  constituting  embolism.  This,  which  is  the  most 
important  result  of  thrombosis,  will  be  considered  in  the  following 
section. 


EMBOLISM. 

Embolism  is  the  impaction  of  solid  substances,  circulating  in  the 
blood,  in  vessels  which  are  too  small  to  allow  them  to  pass.  A  mass 
thus  arrested  is  termed  an  embolus. 

The  most  frequent  sources  oj  emboli  are  (1)  venous  thrombi,  portions  of 
which  are  carried  by  the  blood-stream  from  the  seat  of  their  formation. 
The  other  sources  are  : — (2)  fragments,  especially  of  thrombi,  detached 
from  the  walls  or  inflamed  valves  of  the  heart  (see  Endocarditis),  or  less 
frequently  from  the  inner  surface  of  arteries ;  (3)  portions  of  new- 
growths — as  sarcomata — which,  having  perforated  the  vessels,  have 
been  carried  away  by  the  current ;  (4)  parasites  which  have  made 
their  way  into  the  interior  of  vessels  ;  (5)  fluid  fat  which  has  escaped 
from  the  fat-cells  and  entered  open  lymphatics — an  occasional  occur- 
rence in  fractures  and  contusions ;  and  (6)  pigment  granules. 

A  thrombus  may  produce  emboli  in  various  ways,  (1)  It  may 
soften  and  break  down,  and  its  fragments  be  distributed  by  the  blood- 
current.  (2)  Portions  of  a  parietal  thrombus,  not  filling  the  vessel, 
may  be  detached  by  the  passing  stream.  (3)  The  most  frequent  way  is 
that  illustrated  by  the  accompanying  diagram.  A  thrombus  usually 
ceases  at  the  junction  of  the  vessel  containing  it  with  the  first  large 
collateral  branch.    The  end  of  the  thrombus — in  arteries  as  well  as  in 
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veins — nearest  to  the  heart  often  extends  as  a  firm  conical  projection 
into  the  hnnen  of  this  collateral  branch  (Fig.  1 10) ;  and  the  strength  of 
the  blood-current,  which  is  the  chief  factor  in  j)reventing  the  further 

extension  of  the  clot  towards  the  heart,  may 
break  off  this  projecting  end  and  sweep  it  into 
the  general  circulation.  Some  sudden  move- 
ment or  exertion  often  determines,  in  these 
cases,  the  separation  of  the  fragment  which  is 
to  form  the  embolus.  Thrombi  in  the  veins  of 
the  lower  extremities  and  in  the  jugular  veins 
are  the  most  frequent  sources  of  this  accident. 

Emboli  become  arrested  in  the  first  vessels 
which  are  too  small  to  allow  them  to  pass. 
Usually,  therefore,  the  seat  of  impaction  will 
be  at  the  bifurcation  of  a  vessel,  or  at 
some  pomt  where,  from  the  giving  off  of  large 
branches,  the  calibre  diminishes  suddenly  (Fig. 
117).  The  particles  may  be  so  small  as  to  pass 
through  even  the  finest  capillaries,  and  not  give 
rise  to  any  symptoms  ;  or  they  may  pass  through 
large  capillaries,  like  the  pulmonary,  to  be 
arrested  in  a  finer  set  beyond ;  but,  as  a  rule, 
they  are  impacted  either  in  the  first  set  of 
capillaries  to  which  they  come,  or  in  some  lai'ger 
vessel  between  these  and  their  seat  of  origin. 
Thus  emboli  originating  in  the  systemic  veins, 
in  the  right  cardiac  cavities  or  in  the  pul- 
monary artery,  will  most  commonly  become 
¥iG.  lib.— Diagram  to shcnv  arrested  in  the  vessels  of  the  lungs.  Emboli 
Phenomena  of  Venous  originating  in  the  pulmonary  veins,  in  the  left 
Thrombosis.  -y,  valves  ^^^.^^^  cavities,  or  in  the  arteries,  will  be  simi- 
of  veins  ;  a,  6,  primary 

thrombus  (white) ;  c,  d,  c,  larly  impacted  in  the  systemic  arteries  and 
f,  g,  secondary  white  capillaries,  especially  in  those  of  the  spleen, 
thrombi  connected  with  ^^^^^  ^.j^^  circulation  is  slow ;  and  of  the  brain 
primary  white  thrombus  ,  ,  i  -n     .  n 

by  various  red  thrombi ;  h,  and  kidney,  where  the  capillaries  are  verj-  small. 

piece  of  white  thrombus  Finally,  emboli  originating  in  any  of  the  organs 
becoming  detached  by  supplying  the  portal  venous  system  will  block 
from'^TlTma!  )  branches  of  the  portal  vein  in  the  hver.  With 

the  exception,  therefore,  of  emboli  originating 

in  the  portal  system,  the  seat  of  arrest  is  usually  the  arteries  or 

capillaries. 

Emboli  are  carried  usually  in  the  direction  of  the  main  current ; 
hence  those  carried  by  the  aortic  stream  pass  into  the  thoracic  aorta 
more  commonly  than  into  the  carotid  or  subclavian  vessels,  and 
into  the  left  carotid  or  lefl  rei^al  artery  more  often  than  into  the 
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corresponding  artery  of  the  opposite  side.  Gravitation  also  influences 
the  direction  in  which  they  are  carried,  especially  those  of  large  size, 
which  move  somewhat  more  slowly  than  the  blood-stream  ;  hence,  they 
are  more  common  in  the  lower  lobes  and  posterior  parts  of  the  lungs 
than  m  the  superior  and  anterior  joortions  of  these  organs  (p.  216).  It 
is  found  experimentally  that  small,  bodies  injected  at  intervals  into  the 
jugular  vein  are  often  swept  into  the  same  division 
of  the  pulmonary  artery. 

It  is  not  uncommon  to  find  that  the  small 
vessels  of  an  area,  of  which  the  supplying  artery  is 
plugged,  also  contain  emboli.  This  may  be  accounted 
for  in  two  ways.  First,  if,  as  is  frequently  the  case, 
the  arrest  takes  place  at  a  point  of  bifurcation,  the 
embolus  may  not  be  large  enough  to  block  either 
branch,  but  may  allow  a  small  stream  of  blood  to 
pass  into  each  vessel ;  this  may  break  off  portions  of 
the  original  embolus,  and  so  produce  secondary  em- 
boli, which  become  impacted  in  tke  smaller  divisions 
of  the  same  main  trunks.  The  second  mode  is  by  the 
detachment  of  several  small  fragments  from  some 
distant  source,  which  subsequently  yields  a  mass 
large  enough  to  block  the  main  trunk. 

The  amount  of  obstruction  which  immediately 
follows  the  arrest  will  depend  upon  the  nature  of 
the  embolus  as  well  as  upon  its  size  and  shape.  If 
the  embolus  be  from  a  soft,  recently  formed  throm- 
bus, it  will  be  at  once  moulded  to  the  cavity  of  the 
vessel,  which  wiU  thus  be  immediately  and  com- 
pletely plugged.  If,  on  the  other  hand,  it  is 
irregular  in  shape  and  firm  in  consistence,  as  when  derived  from  a 
calcified  cardiac  vegetation,  it  may  not  completely  fill  the  vessel,  but 
allow  a  small  current  of  blood  to  pass. 

The  aiTest  of  the  embolus,  and  the  consequent  obstruction  to  the 
circulation,  is  followed  by  the  formation  of  thrombi  (secondary),  behind 
and  in  front  of  it,  which  extend  as  far  as  the  junction  of  the  first  large 
collateral  vessels  (Fig.  117).  If  the  embolus  does  not  completely  fill 
the  vessel,  successive  layers  of  thrombus  are  deposited  upon  its 
surface  until  the  occlusion  of  the  vessel  is  complete,  and  then  the 
secondary  thrombus  extends,  as  in  the  former  case,  until  it  meets  with 
a  current  of  blood  strong  enough  to  arrest  its  progress.  If  the  embolus 
is  a  portion  of  a  red  thrombus,  it  will  in  most  cases  be  impossible  to 
distinguish  it  from  the  secondary  thrombus  which  surrounds  it.  If^ 
however,  it  is  a  calcareous  mass,  or  a  portion  of  a  white  thrombus,  it 
may  usually  be  distinguished  from  the  more  recent  secondary 
coagulum. 

■  0 


Fig.  1 17.  —  Embolus 
impacted  at  the 
Bifurcation  of  a 
Branch  of  the  Pul- 
monary Artery. 
Showing  the  forma- 
tion of  thrombi  be- 
hind and  in  front  of 
it,  and  the  extension 
of  these  as  far  as 
the  entrance  of  the 
next  collateral  ves- 
sels. E,  embolus ; 
t,  t',  secondary 
thrombi.  (Virchow. ) 
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Fragments  of  a  damaged  liver  have,  in  rare  cases,  been  carried  from 
the  riglit  auricle  tlirough  n  jiatent  foramen  ovale,  and  tlius  lodged  in 
the  kidney  or  the  brain  witiiout  ])assing  through  the  lungs.  To  this 
phenomenon  the  name  of  paradoxical  or  crossed  embolism  has  been 
applied.  In  otiier  equally  rare  instances,  portions  of  venous  thrombi 
or  of  new-growths  ])rojecting  into  the  interior  of  the  veins  seem  to 
have  made  their  way  up-stream  towards  the  capillaries.  This  proce- 
dure is  possibly  due  to  some  intermittent  and  local  reflux  of  blood. 
The  condition  is  known  as  retrograde  embolism. 

Emboli,  derived  from  thrombi,  may  undergo  the  same  secondary 
changes  as  the  latter  (p.  202). 

EFFECTS. — The  results  of  embohsm  may  be  divided  into  (!) 
those  depending  upon  obstruction  to  the  circulation,  and  (2)  those  due 
to  the  composition  of  the  emboli. 

I.  Effects  due  to  Obstruction  to  the  Circulation. — Sudden 
and  complete  arterial  obstruction  may  produce  (l)  no  noticeable 
effects  beyond  certain  changes  in  the  vessels,  such  as  are  necessary 
for  the  restoration  of  the  circulation  under  the  altered  conditions ; 
(2)  slight  damage  to  the  tissue-elements,  in  some  cases  onlj'^  noticeable 
from  the  consequent  functional  defects ;  or  (3)  necrosis  of  the  whole 
area  supplied  by  the  obstructed  vessel.  These  effects  again  depend 
upon  (l)  the  extent  of  the  arterial  anastomoses,  (2)  the  readiness  with 
which  these  can  be  utihsed,  and  (3)  the  dependence  of  the  affected  part 
on  its  blood-supply. 

(1)  Extent  of  Arterial  Anastomose^. — When  the  arterial  anastomoses 
are  free  and  the  vessels  concerned  are  healthj'^,  the  sudden  and 
complete  obstruction  of  an  arteiy,  such  as  the  radial,  is  followed  by 
contraction  of  the  centi'al  end  of  the  obstructed  artery — from  the 
site  of  the  block  to  the  nearest  collateral  branch — and  by  dilatation 
of  the  arteiies  in  the  area  supplied  by  the  blocked  vessel,  as  well  as  of 
those  through  which  blood  can  be  conveyed  to  them.  The  dilatation 
of  the  latter  vessels  follows,  and  possibly  depends  ujion,  increased 
velocity  of  the  blood-stream  (Thoma);  and  both  changes  are  probably 
due  to  the  lowered  resistance  in  the  anastomosing  vessels,  and  not  to 
increased  pressure  from  behind,  as  is  shown  by  the  contraction  of  the 
upper  part  of  the  obstructed  vessel  akeady  alluded  to,  and  by  the 
limitation  of  the  increased  blood-flow  to  those  arteries  which  actually 
supply  the  anastomosing  vessels. 

Infarction. — In  some  organs,  such  as  the  spleen  and  kidney,  the 
arteries  have  cajiillary,  but  no  arterial,  anastomoses  with  the  neigh- 
bouring vessels.  Such  arteries  are  called  end  or  terminal  arteries.  Each 
of  these  arteries  supplies  a  conical  compartment  of  the  organ  in  question. 
The  base  of  the  cone  is  on  the  surface  of  the  organ,  while  its  apex 
points  towards  the  centre,  and  corresponds  to  the  point  of  entrance 
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and  exit  of  the  artery  and  vein  respectively.  The  jjossible  means  of 
access  which  the  blood  has  to  such  a  portion  of  tissue  are,  the  main 
artery  and  vein  just  mentioned,  the  small  vessels  passing  from  the 
capsule  into  the  cortical  part  of  the  organ,  and  the  cajjillary  anasto- 
moses with  the  neighbouring  vessels  on  each  side. 

If  the  main  artery  .supplying  one  of  these  conical  segments  of  tissue 
becomes  blocked,  necrosis  and  degenerative  changes  will  occur  in  it ; 
for  the  capsular  vessels  and  the  lateral  anastomoses  together  are  unable 
to  maintain  the  nutrition  of  the  part.  If  the  tissue  thus  deprived 
of  blood  be  freely  supplied  with  coagulable  lymph  it  will  undergo 
coagulation-necrosis  and  form  a  pale,  solid,  clearly  defined  cone,  known 
as  a  white  infarct  (Fig.  118).    In  some  organs  and  under  some 


Fig.  ii8. —  White  Infarct  of  the  Kidney.  The  whole  of  the  pale  area 
is  necrosed,  and  thp  darker  central  part  is  undergoing  secondary 
changes.    The  darl{  area  outside  is  due  to  hypersemia. 

circumstances  the  neci-osed  area  will  gradually  become  infiltrated  with 
red  corpuscles,  and  a  blackish-red  cone  with  a  slightly  raised  base  will 
be  formed.  This  is  known  as  a  red  infarct  (Fig.  119).  Recent 
infarcts  of  both  kinds  are  surrounded  by  a  hypersemic  zone  (Fig.  1 1 8). 
Red  infarcts  are  common  in  the  lungs  and  intestine  and  white  infarcts  in 
the  kidney  and  retina.  Infarcts  in  the  spleen  and  in  the  muscular 
walls  of  the  heart  may  be  white  or  red.  When  no  coagulable  lymph 
is  present,  as  in  the  brain,  necrosis  occurs  without  infarction. 

Later  Changes  in  Infarction. — In  the  case  of  a  small  red  infarct,  if' the 
embolus  is  free  from  virulent  organisms,  the  coagulated  blood  gradually 
loses  coloui*,  becoming  brown  or  yellow,  and  absorption  proceeds 
slowly.  In  the  case  of  a  similar  small  white  infarct,  the  tissue-changes 
are  more  clearly  seen  than  in  the  red  infarct,  where  they  are  obscured 
by  the  extravasated  blood.  In  the  white  infarct,  lymph  reaches  the 
part  by  transudation  from  parts  around,  the  cells  swell,  lose  their 
nuclei,  and  blend — in  fact,  imdergo  coagulation-necrosis  (p.  18)  :  thus 
the  well-known  white  wedges  are  formed.  The  more  external  jiortions 
of  this  mass  of  coagulated  blood  and  necrosed  tissue  become  infiltrated 
with  multinucleated  leucocytes,  and  a  pink  layer  of  granulation-tissue 
is  gradually  formed  around  the  mass.  The  granulation-tissue  is 
subsequently  replaced  by  fibrous  tissue  :  this  contracts,  and  ultimately 
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a  depressed  sear  may  be  all  that  remains  to  indicate  the  eliange.  The 
central  jjarts  of  a  large  infarct  may  soften,  but  the  general  changes  and 
ultimate  results  arc  the  same. 

If  pyogenic  cocci  are  ])resent  in  considerable  numbers  suppuration 
will  follow,  and  the  infarct  become  converted  into  an  abscess  (see 
Pyaemia). 

(2)  The  ejfecln  of  arterial  obstruction  will  also  deppud  upon  the 
rcadinexx  with  which  the  existing  anastomoses  can  he  utilised.  Bier 
maintains  that  there  is  a  marked  physiological  difference  between 
the  limbs  and  the  viscera  in  this  respect— the  existing  anastomoses 


Fig.  iig. — Red  Infarct  of  i/ie  Lung,  a,  centre  of  infarct;  b.  projec- 
tion of  pleura  caused  by  infarct ;  c,  apex  of  infarct  where  opened  up 
artery  bifurcates  ;  d,  d',  hypercemic  lung-tissue. 

being  readily  available  in  the  limbs,  but  not  in  the  viscera.  In  some 
instances,  however,  the  inefficiency  of  existing  anastomoses  is  capable 
of  a  mechanical  explanation.  Spasm  of  the  intestine  interferes  with 
the  circulation  in  its  walls  (Mall),  and  spasm  of  the  intestuie  is  one  of 
the  earliest  results  of  embolism  of  the  superior  mesenteric  artery. 
The  spasm  is,  therefore,  a  sufficient  reason  for  the  failure  of  the 
anastomoses  to  preserve  the  nutrition  of  the  intestine,  which  generallj' 
undergoes  gangrene  when  a  branch,  supplying  more  than  two  inches 
of  its  length,  is  blocked. 

Calcification  or  other  disease  of  the  anastomosing  vessels,  or  of  the 
arteries  supplying  them,  by  preventing  dilatation  may  interfere  ^vith 
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the  restoration  of  the  circulation  in  the  affected  part,  and  thus  lead  to 
gangrene. 

(3)  The  organs  in  the  bodij  varij  much  in  the  extent  to  which  thetj 
depend  upon  the  regulariti/  of  their  blood-supply.  Among  those  which 
are  most  susceptible  to  defects  in  the  circulation  are  the  cells  of 
the  cehtral  nervous  system,  intestine  and  kidney.  Obstruction  of  a 
common  carotid  artery  may  be  followed  by  partial  hemiplegia  and,  if 
it  is  maintained,  by  cerebral  necrosis,  although  no  other  artery  supply- 
ing the  circle  of  Willis  is  blocked.  The  ganglion-cells  of  both  brain 
and  spinal  cord  die  if  deprived  for  half  an  hour  of  their  blood-supply. 
Temporary  blocking  of  the  renal  ai'tery  in  a  rabbit  for  two  hours  is 
followed  by  necrosis  of  many  of  the  epithelial  cells  (Litten).  The  tissues 
of  the  skin  and  periosteum  are  probably  the  least  susceptible  of  all. 

Cessation  of  function  soon  follows  cessation  of  nutrition.  The 
effects  of  this  may  be  extremely  serious  ;  thus,  plugging  of  one  of  the 
larger  cerebral  arteries  is  generally  followed  by  sudden  loss  of  con- 
sciousness and  paralysis  ;  plugging  of  the  pulmonary  artery,  by  sudden 
asphyxia  ;  and  plugging  of  one  of  the  coronary  arteries,  by  sudden 
-paralysis  of  the  heart. 

Pathology  of  Red  Infarction. — Very  different  explanations 
have  been  offered  of  the  exact  source  of  the  blood  in  a  red  infarct. 

Cohnheim  thought  that  when  emboli  blocked  terminal  arteries, 
haemorrhagic  infarction  was  the  almost  invariable  result.  In  his 
opinion,  and  according  to  his  results,  blocking  of  the  artery  was  at 
once  followed  by  regurgitation  of  blood  from  the  principal  veins  into 
the  capillaries,  which  thus  became  engorged.  Red  corpuscles  then 
made  their  way  through  the  capillaiy  walls  into  the  surrounding 
tissues,  the  permeability  of  the  capillaries  having  been  increased  by 
deprivation  of  arterial  blood.  This  view  at  the  present  time  find.s 
but  few  supporters.  Other  observers,  repeating  Cohnheim's  experi- 
ments, failed  to  see  the  regurgitation  which  he  described ;  while  it 
has  been  conclusively  shown  (1)  that,  if  both  artery  and  vein  are 
simultaneously  blocked,  the  subsequent  haemorrhage  will  be  still  more 
marked ;  and  (2)  that  if,  in  addition  to  the  main  artery,  eveiy  other 
source  of  blood-supply  except  that  through  the  principal  vein  be  closed, 
necrosis  without  any  haemorrhage  will  result ;  or,  in  other  words,  that 
red  infarction  will  not  occui".  Nor  does  increase  in  the  permeability 
of  the  vessel-walls  appear  to  be  an  important  factor,  for  though,  as 
Cohnheim  pointed  out,  deprivation  of  the  blood-supply  for  many  hours 
will  cause  increased  permeability  of  the  capillary  walls,  yet  litemorrhagic 
infarction  can  take  place  long  before  any  such  change  in  the  vessel- 
wall  has  been  produced. 

In  all  probability  the  diapedesis  of  the  red  corpuscles  depends  on 
marked  slowing  of  the  arterial  current,  by  which  all  distinction  between 
the  axial  and  peri-axial  streams  (p.  198)  is  lost,  combined  with  marked 
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increase  in  the  capillary  and  venous  pressure.  The  red  corpuscles  are 
thus  brought  into  contact  with  the  capillary  walls,  and  possibly  jjass, 
along  with  the  lymph,  between  the  endothelial  cells  (Welch).  The 
natural  permeability  of  tiie  capillaries,  which  is  known  to  be  different 
in  different  parts  of  the  body,  may  not  improbably  be  a  factor  in  the 
process. 

Litten  showed  that  red  infarction  of  the  kidney  usually  depends 
on  the  integrity  of  the  capsular  arteries,  and  that  it  does  not  occur  if 
these  are  separated  from  the  kidney  before  the  main  artery  is  blocked. 
The  results  of  Mall  and  Welch,  howevei,  furnish  the  most  convincing 
proofs.  These  observers  ligatured  all  the  vascular  communications 
of  the  intestine,  with  the  exception  of  the  main  artery  and  vein,  and 
then  tied  the  bowel  above  and  below  so  that  the  included  portion  was 
supplied  by  the  main  artery,  and  the  blood  returned  by  the  main  vein. 
Under  these  circumstances  no  infarction  resulted.  They  then  graduallj' 
constricted  the  main  artery,  and  found  that  when  it  was  sufficiently 
compressed  to  stop  the  lateral  pulsations  in  its  branches,  or,  in  other 
words,  to  reduce  the  pressure  in  them  to  about  one-fifth  of  the  normal, 
haemorrhagic  infarction  appeared.  The  same  observers  in  other  experi- 
ments found  that  the  same  reduction  of  arterial  pressure  generally 
occurred  when  infarction  was  in  progress.  Why  some  infarctions  are 
red,  and  others  white,  seems  therefore  to  depend,  as  has  been  suggested, 
on  local  differences  in  the  blood-pressure.  If  the  arterial  pressure 
does  not  fall  below  seventy-five  per  cent,  no  infarction  occurs,  if  it  falls 
from  between  seventy-five  to  eighty  per  cent,  red  infarction  results, 
and  if  it  falls  to  zero,  white  infarction  follows. 

These  observations  will  also  explain  why,  in  the  large  majority  of 
cases,  no  infarction  occurs  when  a  truly  tei-minal  artery  is  blocked  ;  and 
why  an  infarct  in  the  spleen  may  follow  thrombosis  ui  the  splenic  veins 
without  any  obstruction  in  the  artery. 

II.  Effects  due  to  Composition  of  the  Embolus. — A  simple 
embolus,  such  as  a  piece  of  non-infective  fibrin  or  a  fragment  of  a 
calcareous  plate,  with  its  secondary  thrombi,  will  usually  be  absorbed 
or  lead  to  prohferative  arteritis  and  organisation  (p.  204).  An  iujeclive 
embolus,  that  is,  one  containing  micro-organisms  and  derived  from  an 
infective  source,  may  in  some  instances  only  produce  results  similar 
to  those  caused  by  a  non-infective  embolus.  Infective  emboli  of 
somewhat  greater  virulence  may  lead  to  a  more  acute  form  of  arteritis 
in  which  the  intima  and  internal  elastic  lamina  are  destroyed  and 
the  media  weakened — an  aneurysm  not  infrequently  resulting.  This 
is  indeed  now  held  to  be  the  pathology  of  most  aneury.sms  occur- 
ring in  peojjle  too  young  to  be  suffering  from  atheroma  or  acquired 
syphilis  ;  and,  as  the  emboli  are  usually  small  or  of  moderate  size, 
aneurysms  from  embolism  affect  especially  the  cerebral  arteries  and 
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the  smaller  arteries  of  the  limbs,  from  the  size  of  the  brachial  down- 
wards. 

Virulently  infective  emboli  give  rise  in  most  cases  to  suppuration 
in  addition  to  the  other  results  of  embolism  already  described  (see 
Pytemia). 

Capillary  Emboli. 

These  generally  consist  of  fat,  masses  of  organisms,  clumps  of 
white  blood-corpuscles,  pigment-granules,  or  air. 

Pat  Embolism. — In  fractures,  contusions  of  subcutaneous  tissue, 
ruptures  of  fatty  liver,  acute  osteo-myelitis,  and  other  morbid  conditions 
in  which  fat-cells  are  broken  up  and  the  fat  set  free,  the  droplets  are 
absorbed  by  the  lymphatics  and  veins,  especially  when  pressure  in  the  part 
is  increased  by  inflammatory  effusion  or  haemorrhage.  On  reaching  the 
right  side  of  the  heart  they  are  carried  into  the  pulmonary  arterioles 
and  capillaries,  where  their  presence  may  easily  be  demonstrated  by 
staining  with  osmic  acid  (Fig.  120).    One  by  one  these  soft  and  easily 


Fig.  120. — Fat-Embolism  of  Lung.  From  bad  compound  fracture  ofleg 
and  severe  subcutaneous  laceration.  The  black  masses  are  drops  of 
fat,  stained  with  osmic  acid,  lying  in  capillaries  and  arterioles  of 
alveolar  walls,     x  40.  (Boyd.) 

moulded  plugs  are  swept  on  to  the  left  side  of  the  heart,  and  dis- 
tributed by  the  systemic  circulation  to  other  organs,  in  which  also 
they  may  be  very  numerous.  For  a  time  fresh  emboli  are  constantly 
reaching  the  lungs,  btit  when  this  ceases  the  fat-masses  are  passed  on 
to  other  organs  and  eliminated,  in  part  at  least,  through  the  kidneys. 
Fat-embolism  is  believed  by  some  to  be  the  cause  of  death  after  simple 
fractures — a  very  rare  event.  But  as  large  quantities  of  fat  may  be 
introduced  into  the  vessels  of  the  lungs  of  animals  without  causing 
any  symptoms  whatever,  some  scepticism  is  justifiable.  If  a  sufficiently 
large  number  of  the  capillaries  of  the  lung,  or  any  other  organ,  be 
blocked  by  fat,  its  function  will,  of  course,  be  interfex'ed  with ;  and  in 
the  case  of  some  organs  this  would  mean  speedy  death.    It  is  i^robable 
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that  the  lungs  always  contain,  ))roportionately,  many  more  emboli  than 
any  organ  supplied  by  the  systemic  circulation.  It  has  been  ascer- 
tained that  half  the  jiulmonary  blood-path  may  be  obstructed  without 
the  general  circulation  being  thereby  disturbed  (Cohnheim).  It  is 
therefore  supposed  that,  as  a  rule,  the  passage  of  fat  on  to  the  systemic 
circulation  keeps  the  number  of  plugged  capillaries  below  the  jwint  of 
danger.  In  acute  osteo-myelitis  it  is  probable  that  the  fat-drops  may 
serve  as  carriers  of  pyogenic  cocci  from  the  seat  of  inflammation  and 
cause  the  impaction  of  these  organisms  in  vessels  which  they  would 
otherwise  pass  through  freely. 

Air  enterivg  the  veins  may  give  rise  to  embolism.  Here,  as  in  fat- 
embolism,  to  cause  death,  air  must  be  injected  so  quickly  and  in  such 
quantity  that  the  blood  in  the  right  side  of  the  heart  is  churned  into 
foam,  which  the  viscus  is  unable  to  force  through  the  pulmonary  vessels. 
Death  is  due  to  failure  of  the  right  side  of  the  heart,  combined  with 
varying  degrees  of  pulmonary  embolism,  cerebral  anaemia,  and  defective 
coronary  circulation. 

Clumps  of  leucocytes,  and  possibly  of  hactena,  may  form  emboli, 
giving  rise  to  petechias,  in  septic  fevers.  Pigment-granules,  jirobably 
parasitic  in  origin,  have  caused  capillary  embolism  in  malaria 
(p.  247). 

Infarction  of  the  Lung^ — Pxdmonary  Apoplexy. 

The  so-called  infarcts  of  the  lung  are  most  commonly  met  with 
in  cases  of  mitral  stenosis,  and  to  a  less  extent  in  those  of  mitral 
regui-gitation.  They  are  found  in  the  lower  lobes  and  in  the  lower 
and  outer  parts  of  the  upper  lobes.  In  most  cases  they  are  irregularh* 
conical,  but  occasionally  nearly  globular  (Fig.  121).  In  diameter  they 
vary  from  that  of  an  entire  lobe  to  a  fraction  of  an  inch.  Blackish  red, 
firm,  dry,  with  well-defined  margin,  often  multiple  and  occasionally 
confluent,  they  present  superficial  resemblances  to  tumours  on  the  one 
hand  and  to  lobar  pneumonia  on  the  other.  From  the  former  they 
are  distinguished  by  their  colour,  shape,  position,  and  the  conditions 
under  which  they  occur;  from  the  latter,  by  their  number,  sha])e, 
darker  colour,  and  better  defined  limits.  They  are  not  infrequently 
the  starting-points  of  a  hypostatic  pneumonia,  and  are  then  less  easily 
recognised.  In  such  cases  the  adjacent  portion  of  the  visceral  jjleura 
is  roughened  by  the  inflammatoiy  exudation  on  its  surface,  while,  in 
the  substance  of  the  organ,  the  masses  are  welded  together,  their 
colour  mottled,  and  their  edges  obscured, 

Mode  of  Formation. — There  can  be  no  doubt  but  that  these 
masses  consist  of  tissue  which  has  undergone  coagulation-necrosis  and 
of  extravasated  blood ;  or,  in  other  words,  that  they  are  red  infarcts ; 
but  there  is  considerable  difference  of  opinion  concerning  the  reason  of 
their  appearance  in  the  tissues.    They  are  variously  regarded  as  the 
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products  of  embolism,  thrombosis,  or  rupture  of  the  pulmonary 
vessels. 

In  favour  oj  embolism  of  one  or  more  branches  of  the  pulmonary 
arter}'  may  be  urged  (l)  the  frequent  existence  of  a  thrombus  in  the 
right  auricle ;  (2)  the  occasional  discovery  of  an  embolus  in  the  largest 
artery  entering  the  infarct ;  (3)  the  general  resemblance  which  tliese 
masses  bear  to  infarcts  of  the  spleen  and  kidney;  and  (4)  the  possibility 


Fig.  121. — Infarct  of  the  Ltmg.  a,  centre  of  infarct ;  b,  base  of  infarct 
causing  projection  on  surface ;  c,  section  through  artery,  a  branch 
of  which  suppUes  infarcted  area  ;  d,  d',  hyperasmic  lung  tissue. 

of  producing  them  experimentally.  Against  embolism  as  the  sole 
cause  are  (1)  the  not  infrequent  absence  in  these  cases  of  thrombosis 
and  all  other  known  causes  of  embolism  either  in  the  systemic  veins  or 
in  the  right  auricle ;  and  (2)  the  still  more  frequent  failure  to  find  an 
embolus  in  any  branch  of  tlie  pulmonary  artery  itself. 

That  thrombosis  is  at  least  an  occasional  cause  of  "  pulmonary 
apoplexy"  is  inferred  from  (1)  the  existence,  in  a  few  of  the  cases,  of 
atheroma  in  the  pulmonary  artery ;  (2)  the  presence  of  a  thrombus  (with- 
out any  sign  of  embolism)  in  the  main  artery  supplying  the  infarct ;  and 
(3)  the  extreme  retardation  of  the  blood-current  at  the  time  the 
"  infarct "  is  formed.  On  the  other  hand,  all  these  phenomena  may 
exist  without  any  infarction. 

Unquestionably  the  most  constant  condition  present  in  these  cases 
is  a  marked  diminution  in  the  velocity  of  the  circulation  and  a  long- 
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continued  and  marked  increase  in  the  pressure  in  tlie  jiulmonary  veins 
and  capillaries,  combined  in  most  cases  with  blocking  of  the  main 
artery  supplying  the  infarct. 

It  will  be  readily  understood  from  what  has  already  been  remarked 
(p.  213)  that  these  conditions  are  exactly  those  likely  to  j)roduce 
infarction ;  it  is  therefore  reasonable  to  suppose  that  both  embolism 
and  thrombosis  may  be  factors  in  its  causation,  and  that  it  may  in 
some  cases  occur  without  the  prestaice  of  either  of  these  conditions. 


Fig.  122. — Infarction  of  the  Lung.  The  alveoli  are  crammed' with  red 
corpuscles  and  contain  a  few  larger  pigment-bearing  cells,  probably 
leucocytes.  The  alveolar  capillaries  are  less  distended  than  in 
pneumonia.    (S^eFig.  88. )    x  120. 

Embolism  of  a  large  branch  of  the  pulmonary  artery  causes  rapid 
death  from  heart-failure  and  asphyxia :  experimental  embolism  of  a 
medium-sized  or  small  branch  generally  produces  no  marked  change,  as 
the  anastomoses  are  free  and  usually  sufficient.  In  disease,  however, 
the  lungs  have  in  most  cases  undergone  the  changes  described  under 
Passive  Congestion  (p.  190),  and  the  heart's  action  is  generally  feeble. 
It  is  therefore  natural  to  find  that  in  disease,  more  often  than  in 
experiments,  embolism  and  thrombosis  give  rise  to  infarction. 

Infarction  can  be  produced  in  the  lung  experimentally  by  many 
different  procedures.  Simple  plugging  of  a  small  branch  of  the 
pulmonary  artery  is  never  a  sufficient  cause  ;  but  Fujiami  found  that 
infarction  occurred  if  a  main  artery  was  simultaneously  blocked. 

Cone-shaped  litEmorrhages  into  the  lung-tissue  may  be  due  to  the 
rupture  of  over-distended  vessels.  Obstruction  of  a  small  bronchial 
tube  occurs  and  leads  to  collapse  of  the  corresponding  part  of  the 
lung.  The  consequently  diminished  external  pressure  on  the  walls 
of  the  vessels  in  the  collapsed  area  leads  to  the  over-distension  of  the 
vessels  and  occasionally  to  their  rupture. 
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CHAPTER  VIII. 
FEVER. 

By  the  term  "  fever "  is  meant  an  abnormal  rise  in  the  temperature 
of  the  body,  together  with  other  changes  due  to  increased  combustion 
of  the  tissues  and  abnormal  exchange  in  material. 

TEMPERATURE  IN  HE ALTH.— It  is  usually  stated  that 
the  mean  daily  temperature  of  the  body  is  98'4°  F.  This  statement  is 
only  approximately  correct,  for  the  temperature  varies  (1)  in  different 
parts  of  the  body,  (2)  with  the  time  of  day,  and  (3)  according  to  the 
age  of  the  patient.  The  variations  due  to  these  factors  are  greater  in 
disease  than  in  health,  (l)  The  normal  temperature  of  the  sur  face  of  the 
body  is  always  lower  than  that  of  the  internal  parts.  Moreover,  it  is 
lower  in  proportion  as  we  pass  from  the  trunk  towards  the  periphery, 
as  well  as  more  liable  to  variation  from  change  in  external  conditions. 
In  the  77JO?i</t  it  is  about  98-3°  F. ;  in. the  axilla,  98-4°  F.  (36-9°  C.)  ;  and 
in  the  rectum,  98"9°  F.  (37'2°  C).  It  is  essential,  therefore,  if  results 
are  to  be  compared,  that  all  observations  be  made  in  the  same  place. 
Accurate  results  are  most  readily  obtained  in  the  rectum.  Tlie  axilla  is 
less  liable  to  variations  in  temperature  than  the  mouth.  In  infants 
the  temperature  may  be  conveniently  taken  in  the  fold  of  the  groin. 
(2)  The  time  of  the  observation  must  always  be  stated,  for  the  tempera 
ture  rises  during  the  day,  reaching  its  maximum  between  five  and 
eight  o'clock  in  the  evening,  and  falls  during  the  night  to  its  minimum 
between  two  and  six  o'clock  in  the  morning.  (3)  The  average  tem- 
perature of  an  infant  or  young  child  is  slightly  higher  than  that  of  an 
adult :  in  the  aged  it  may  be  slightly  below  the  average  in  the  adult. 
The  full  range  between  all  these  extremes  is  from  97°  F.  to  100°  F. ; 
though  the  average  range  is  rather  less  (97°  F.  to  99"2°  F.). 

The  regulating  (thermotactic)  mechanism  is  less  easily  disturbed  as 
age  advances.  The  temperature  of  young  children  is  easily  raised  or 
depressed  :  an  attack  of  crying  may  cause  a  distinct  rise.  In  old  age, 
on  the  other  hand,  when  the  exchange  of  material  is  small,  the  tem- 
perature is  more  easily  de23ressed  than  raised.  For  this  reason  a  slight 
rise  of  temjierature  in  the  aged  is  of  much  graver  significance  than 
in  the  average  adult,  and  in  the  former  even  acute  forms  of  inflamma- 
tion may  be  present  without  any  accompanying  rise  of  temperature. 
The  effect  of  food  is  to  excite  metabolism  in  the  large  mass  of  gland- 
tissue  connected  with  the  alimentary  tract,  and  to  cause  a  slight  rise 
of  temperature :  the  taking  of  food  may,  therefore,  quicken  a  i-ise  or 
retard  a  fall.     The  effect  of  ordinary  exercise  is  to  produce  a  rise : 
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severe  exercise,  such  as  jjrolongcd  running,  may  cause  a  rise  of  one  or 
two  degrees  or  even  more.  Mental  exertion,  unless  accompanied  by 
excitement  and  muscular  activity,  has  little  effect  uj)on  the  temj)cra- 
ture.  The  greater  activity  of  the  tissues  and  the  combustion  of  the 
ingesta  are  the  most  obvious  reasons  for  the  higiier  temperature  during 
the  day.  A  similar  daily  variation  is  observed  in  the  respiration  and 
jjulse,  in  the  discharge  of  urea,  and  carbon  dioxide,  and  in  the  intake 
of  oxygen.  The  diurnal  variation,  however^  occurs  in  j)ersons  con- 
fined to  bed  and  deprived  of  food,  so  that  the  explanation  may  lie 
in  the  diminution  of  tissue-activities  during  sleep.  In  those  people 
who  are  in  active  work  during  the  night,  and  are  asleep  during  the 
day,  the  normal  course  of  the  temjierature  is  reversed. 

SYMPTOMS  OF  FEVER.— Since  the  introduction  of  the 
clinical  thermometer  the  term  "  fever "  has  come  to  be  almost 
synonymous  with  that  of  "rise  of  temperature."  This  latter  condition 
is  certainly  the  most  easily  ascei'tained,  the  most  readily  recorded, 
and,  on  the  whole,  the  most  reliable  symptom  of  fever.  The  course 
of  the  temperature  in  all  febrile  attacks  is  divisible  into  three  stages : 
(1)  the  07i,set,  or  period  of  rise  ;  (2)  the  ac7ne,  fastigium,  or  stationary 
period,  during  which  the  temperature  is  more  or  less  at  its  height ; 
and  (3)  the  J'all,  decUne,  or  period  of  defervescence. 

The  onset  may  be  sudden,  the  temperature  rising  three  to  seven 
degrees  before  the  end  of  the  second  day ;  or  it  may  be  gradual,  rising 
every  evening,  and  falUng  sUghtly  every  morning,  until  the  full  height 
is  reached,  as  in  typhoid  fever.  The  sudden  onset  is  frequently 
accompanied  by  an  intense  sensation  of  cold  and  a  violent  attack  of 
shivering,  known  as  a  rigor.  The  arterioles  of  the  skin  ai-e  contracted, 
and  though  the  internal  temperature  is  rising  rapidly,  the  skin  is 
cooler  than  normal,  and  the  ordinaiy  loss  of  heat  from  this  source  is 
diminished.  In  children  in  whom  the  controUing  power  of  the  nervous 
system  is  less  developed  than  in  later  life,  a  convulsion  often  takes  the 
place  of  the  rigor.  The  gradual  onset  may  be  marked  by  shght  chilliness, 
but  veiy  rarely  by  rigors. 

The  fastigium,  or  second  stage,  may  be  over  in  a  few  hours,  or 
may  last  for  weeks.  The  temperature  may  remain  at  a  fairly  constant 
level,  or  it  may  oscillate  several  degrees  each  day. 

The  final  stage  of  fever,  like  the  onset,  may  be  sudden  or  gradual. 
When  sudden,  it  is  said  to  end  by  crisis.  The  drop  is  often  accom- 
panied by  "  critical"  sweating,  or  diarrhoea  ;  and  even  when  the  internal 
temperature  is  normal,  the  patient,  guided  by  the  sensations  usual  in 
sweating,  may  feel  uncomfortably  hot.  Sometimes  the  fall  is  so  rapid 
and  so  marked  that  the  patient  may  be  in  danger  of  dying,  and  may 
even  die,  of  collapse.  When  the  fall  is  gradual  it  is  said  to  end  by 
lysis.    This  is  analogous  to  the  corresponding  form  of  onset,  as  the 
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temperature  falls  by  a  series  of  morning  drops,  broken  by  sliglit  rises 
in  the  evening.  The  special  types  of  fever  characteristic  of  some 
diseases  are  in  all  probability  dependent  on  peculiarities  connected 
with  the  growth  of  special  ])arasites  (see  Malaria).  When  fever  ends 
in  death,  the  temperature  generally  rises  just  before  this  occurs,  and 
may  occasionally  go  on  rising  for  a  short  time  afterwards. 

A  febrile  temperature  almost  always  exhibits  a  tendency  to  rhythmic 
daily  variation  like  the  normal  temperature — being  higher  in  the 
evening  than  in  the  morning.  Sometimes  the  opposite  is  the  case, 
and  the  temperature  is  then  said  to  be  of  the  inverted  type.  When  the 
daily  variation  does  not  amount  to  much  more  than  two  degrees,  the 
fever  is  termed  continued.  When  the  variation  is  greater  than  this,  the 
fever  is  remittent ;  of  this  type  hectic  fever,  which  accompanies  chronic 
suppuration,  is  a  good  example.  When  the  drop  between  two  maximum 
points  reaches  or  falls  below  normal — so  that  there  is  a  fever-free 
period — the  fever  is  said  to  be  intermittent  ;  of  this  variety  malaria  is 
the  type. 

The  extent  of  the  rise  of  temperature  varies  greatly.  Certain 
terms  are  sometimes  employed  to  express  the  average  height  of  the 
temperature.  It  is,  however,  quite  as  easy,  and  always  better,  to  give 
the  figures  themselves.  Above  107°  F.  the  fever  is  called  hyj}erpyrexia, 
and  a  temperature  at  or  above  this  point,  enduring  for  any  length  of 
time,  is  usually  fraught  with  the  greatest  danger  to  life.  In  such  cases 
prompt  measures  are  necessary  to  prevent  death. 

So-called  paradoodcal  tempei'atures  even  up  to  128°  F.  have  been 
recorded  as  occurring  in  hysterical  individuals  who  are  very  liable  to 
disturbances  of  body-temperature.  The  extraordinary  rise  in  tempera- 
ture is  often  quite  local,  and  is  out  of  jJi'oportion  to  the  general 
symptoms.    Such  cases  should  be  viewed  with  the  gravest  suspicion. 

High  temperature  is  generally  accompanied  by  cloudy  swelling 
of  the  tissues,  and,  if  prolonged,  by  fatty  degeneration  ;  poisons  circu- 
lating in  the  blood  have  very  likely  a  share  in  pi'oducing  this  result 
(p.  28). 

Apart  from  rigors  and  chilliness,  which  are  usually  associated  with 
the  onset,  the  earliest  symptoms,  as  regards  the  nervous  system,  are 
headache,  incapacity  for  self-application,  general  sluggishness  of  mind, 
loss  of  self-control,  and  hyperaesthesia  of  the  special  senses.  Delirium 
is  frequent — at  first  at  night,  and  for  short  periods  only,  but  later  on 
more  marked  and  even  constant.  Vague  muscular  pains  are  common 
in  early  stages  ;  even  in  their  absence,  unwillingness  for  exertion  is 
marked.  The  muscles  waste  rapidly  and  their  movements  become 
weak  and  tremulous.  The  nervous  system  has  a  large  share  in  pro- 
ducing tremor  and  prostration,  and  is  responsible  for  such  a  symptom 
as  constant  picking  at  the  bedclothes  {cnr])hol()gi/y  In  fever  the 
frequency  of  the  heart-beats  is  increased.    This  result  can  be  obtained 
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experimentally  by  the  ajiplication  of  heat.  Yet  the  rapidity  of  the 
pulse  bears  no  reliable  proportion  to  the  lieight  of  the  temperature. 
It  is  much  greater  in  some  diseases  than  in  others ;  for  example,  in 
scarlatina  than  in  typhoid.  The  heart,  among  other  iimscles,  fails 
l)rogressively  in  (piality  and  power,  and  as  it  does  so  its  beat  becomes 
more  frequent  and  less  effective.  Here  again  the  nervous  system  may 
be  partly  at  fault,  the  inhibitory  influence  of  the  vagus  being  imjjaired. 
Similarly,  arterial  tone  is  progressively  lost.  The  result  of  the  pro- 
gressive failure  of  the  heart-force  and  ai-terial  tone  is  that  the  pulse, 
which  in  a  healthy  individual  at  the  commencement  of  a  long  fever  is 
quick,  full,  strong,  and  often  inclined  to  hardness  from  high  arterial 
tension,  becomes,  as  the  disease •  progresses,  quicker,  .softer,  and  fuller, 
though  no  further  rise  of  temperature  has  occurred.  The  softness  and 
fulness  of  the  pulse  are  due  to  loss  of  arterial  tone  while  the  heart-beat 
is  still  strong  ;  the  softness  increases  as  the  arterial  tone  yields.  Later 
on,  the  size  diminishes  as  the  still  more  rapidly  beating  heart  fails  to 
fill  the  vessels.  Ulthnately  the  pulse  is  very  small,  soft,  and  frequent, 
oi',  as  it  is  termed,  thrcadtj.  Increasing  frequency  of  pulse  with  a  steady 
or  falling  temperature  is  often  regarded  as  the  sign  of  a  failing  Jieart ; 
though  the  "  quality"  of  the  first  sound  really  aifords  an  earlier  indica- 
tion of  its  occurrence. 

Respiration  is  quickened.  This  change,  like  the  increased  fre- 
quency of  the  pulse,  is  possibly  due  in  some  measure  to  the  effect  of 
the  rapidly  heated  blood — in  this  case,  on  the  respiratorj'  centre,  as 
it  can  be  induced  experimentally  by  similar  means.  The  oxygen 
absorbed  and  the  carbon  dioxide  exhaled  are  increased  during  the 
initial  rise  in  temperature,  but  both  fall  to  their  normal  level  if  the 
fever  is  prolonged. 

Digestion  is  impaired,  for  the  secretions  from  the  glands  dis- 
charging into  the  alimentary  tract  are  diminished.  Appetite  is  lost 
{anorexia),  and  its  place  is  taken  by  thirst.  The  tongue  is  dry  and 
often  furred.  There  is  usually  constipation,  due  probably  to  sluggish- 
ness of  the  intestinal  muscle,  to  lack  of  secretion,  and  perliaps  to 
absence  of  some  of  the  normal  stimuli  to  contraction.  Excretion,  as 
tested  by  the  rapidity  with  which  certain  ingesta  appear  in  the  urine, 
is  said  to  be  slow  in  fever.  Although  the  amount  of  fluid  taken  is 
larger  than  in  health,  the  urine  is  small  in  quantity,  has  a  high  specific 
gravity,  yields  a  copious  precipitate  of  urates,  and  contains  an  excess 
of  urea,  uric  acid,  ])otassium  salts,  and  pigment  {pathological  urobilin). 
The  chlorides  are  diminished.  With  the  excess  of  colouring  matter  in 
the  urine  may  be  taken  the  fact  that  in  fever  there  is  a  progressive 
decrease  of  red  corpuscles  and,  according  to  some,  corres])onding  increase 
in  the  amount  of  iron  eliminated  in  the  urine.  According  to  Haj'cm 
both  hcEmatohlasls  and  red  corpuscles  are  less  numerous  during  the 
stationary  period  of  fever.    Directly  the  fall  in  temperature  begins. 
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the  number  of  haematoblasts  increases,  reaching  its  maximum  a  day  or 
two  after  the  disappearance  of  the  fever.  During  tlie  following  week 
it  gradually'  sinks  to  normal.  An  increase  in  the  number  of  red 
corpuscles  and  a  simultaneous  diminution  in  the^;roj^o;-/«o«  oj' hcL'mog/uhm 
they  contain,  closely  follow  the  increase  in  the  haematoblasts.  The  rise 
in  the  percentage  of  haemoglobin  completes  the  return  of  the  blood  to 
its  normal  state. 

The  increase  of  urea  excreted  is  one  of  the  earliest  changes,  and 
may  even  precede  the  rise  of  tempei-ature.  The  excess  is  generally 
absolute :  sometimes  it  is  only  relative ;  that  is,  more  is  passed  than  would 
be  excreted  by  a  healthy  man  confined  to  bed  on  a  similar  diet.  There 
is  usually  a  marked  increase  at  the  commencement  of  defervescence  : 
this  is  most  likely  due  to  an  accumulation  of  its  precursors  in  the  blood 
or  tissues. 

Post-mortem  Rise  of  Temperature. — A  shghtrise  of  tempera- 
ture often  occurs  after  death,  especially  in  those  dying  suddenly  or 
of  acute  diseases.  It  is  most  mai-ked  in  cases  of  fever  due  to  the 
presence  of  bacterial  products  in  the  blood,  and  in  cases  where  death 
occurs  with  a  high  and  rising  temperature.  Tetanus  is  probably  the 
best  example.  The  explanation  is,  that  cessation  of  the  action  of  the 
heart  is  not  accompanied  by  immediate  extinction  of  tissue-change. 
Thermogenic  processes  continue  for  a  longer  or  shorter  time ;  and  thus, 
while  the  production  of  heat  ceases  gradually,  the  loss  of  heat,  being 
largely  dependent  on  the  respiration  and  circulation,  is  cut  down  so 
suddenly,  that  the  rectal  temperature  rises  for  a  brief  interval,  and 
then  falls  gradually,  as  in  other  cases. 

PATHOLOGY  OF  FEVER — The  foregoing  account  has 
shown  that  the  essential  condition  in  fever  is  increased  thennogenesis 
combined  with  a  disturbance  of  the  heat-regulating  process  or  thermo- 
taxis,  whereby  the  normal  balance  between  heat-production  and  heat- 
loss  is  upset.  The  thermogenesis  is  due  to  increased  breaking-down 
of  the  tissues  and  especially  of  the  muscles  and  the  glands.  As  has 
been  already  indicated,  by  increased  thermogenesis  is  meant  that  a 
febrile  patient  will  produce  more  heat  in  a  given  time  than  a  healthy 
person  upon  the  same  diet  and  under  similar  circumstances ;  not 
necessarily  more  than  a  healthy  person  on  ordinai-y  diet,  though  even 
this  may  be  the  case.  The  febrile  patient  takes  less  food  and  the 
increase  in  heat  he  produces  is  due  to  the  excessive  combustion  of  his 
tissues.  Traube  held  that  diminished  loss  of  heat  was  the  principal 
cause  of  the  raised  temperature  in  the  body  of  a  febrile  patient,  and 
that  this  was  brought  about  by  an  energetic  contraction  of  the  vessels 
of  the  skin.  But  such  a  contraction  of  vessels  is  by  no  means  constant, 
and  when  it  occurs  is  not  of  long  persistence.    Moreover,  a  high 
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temperature  and  a  freely  sweating  skin  often  occur  togetlier,  and 
calorimetric  observations  have  actually  demonstrated  the  increased 
thennogenesis.  If  support  is  required  for  the  view  that  fever  is 
dependent  on  increased  destruction  of  tissue,  it  is  found  in  the 
proportionately  increased  discharge  of  urea. 

Thermogenesis  is  under  the  control  of  the  central  nervous 
system,  but  in  the  present  state  of  knowledge  it  is  impassible  to  speak 
certainly  of  the  position  of  the  controlling  centre,  of  its  function,  or  of 
the  paths  of  its  afferent  and  efferent  fibres.  It  is  evident  that  the 
causes  of  fever  may  mduce  the  increased  thermogenesis,  either  by 
acting  directhj  upon  the  tissues  or  by  acting  on  them  indirectly  through 
the  nervous  system.  In  certain  cases,  e.g.,  nervous  or  hysterical  fever, 
it  seems  impossible  that  the  cause  can  act  upon  the  tissues  otherwise 
than  tlirougli  the  nervous  system,  but  in  tlie  majority  of  cases  it  may 
act  either  way. 

It  has  been  shown  that  thermogenesis  may  be  increased  enormously 
in  health  without  any  rise  of  temperature,  and  it  is  therefore  believed 
that  fever  involves  a  disturbance  of  thermotaxis,  whereby  the 
balance  between  heat-production  and  heat-loss  is  disturbed.  If  this 
balance  were  maintained,  as  in  health,  a  stable  temperature  at  a  higher 
level  than  the  normal  would  result.  But  the  chief  characteristic  of  the 
"temperature  in  fever  is  its  variability.  Cold,  food,  excitement,  effort, 
antipyretic  drugs,  all  affect  the  temperature  in  fever  much  more 
markedly  than  they  affect  the  temperature  in  health.  As  MacAlister 
says,  the  usual  daily  fluctuation  of  the  temperature  in  fever  shows 
merely  that  all  the  thermal  processes  are  not  utterly  disturbed,  some 
wliich  are  rhythmic  in  health  remaining  so  in  disease. 

VARIETIES. —  Fevers  may  be  divided  into  the  infective  and 
non-infective.  The  infective  fevers  are  those  due  to  the  multipUca- 
tion,  in  the  body,  of  a  micro-parasite.  This  explanation  serves  for 
the  group  of  "acute  specific  fevers,"  malaria  and  febrile  diseases  in 
which  there  is  no  inflammation  present,  at  least  in  the  early  jiart 
of  their  course.  These  constituted  the  old  groups  of  primary  or 
essential  fevers.  In  some  (typhus,  malaria)  there  is  no  inflammation ; 
but  in  many,  an  inflammation  appears  (of  throat,  nose  and  eyes, 
skin,  intestine) — too  late  and  often  too  slight  to  account  for  the  fever 
present.  There  are  also  the  cases  of  fever  secondarij  to  a  wound 
through  which  organisms  have  gained  access  to  the  hody — e.^.,  sejitic 
infection,  pyaemia,  erysipelas,  and  lymphangitis ;  and  the  large  grouj) 
of  fevers  secondary  to  inflammations  {inflammatoiy  fevers,  e.g.,  jihthisis), 
all  of  which  are  infective.  In  most  of  these  "secondary"  fevers 
the  fever-))roducing  materials  are  manufactured  by  organisms  in  some 
definite  part  of  the  body,  and  are  thence  cast  into  the  blood. 

The  non-infective  group  includes,  first  of  all,  two  woimd 
diseases:  (1)  .s-imple  traumatic  fever,  and  (2)  a  more  intense  form,  acute 


PARASITES 


225 


septic  poisoning  or  saprcemia.  (See  Septicaemia.)  Simple  traumatic  fever 
ensues  upon  "simple"  injui-ies  (contusions  and  fractures).  It  is 
generally  slight,  and  is  most  probably  due  to  tlie  absorption  of  fibrin- 
ferment  (and  very  likely  other  pyrogenous  bodies)  from  the  seat  of 
injury :  possibly  irritation  of  nerves — by  the  original  injury  or  by 
fragments  of  bone  or  tissue — may  have  some  effect  in  causing  the 
fever,  thougli  strong  irritation  of  a  sensory  nerve  causes  depression  of 
temperature.  The  fever  which  occurs  in  aseptic  wounds  is  probably 
due  to  the  same  causes  as  the  simple  traumatic.  Nervous  (^hi/sterical) 
fever  is  supposed  to  be  due  to  the  defective  control  of  the  central 
nervous  system  over  the  regulation  of  temperature.  The  rises  of 
temperature  which,  in  children,  puerperal  women,  and  other  weakly 
adults,  occur  fi-om  various  emotions  and  other  slight  causes — e.g.,  the 
rise  which  is  so  commonly  found  after  an  entertainment  has  been  held 
in  a  hospital-ward — seem  to  be  examples  of  nervous  fever.  This  form 
is  unaccompanied  by  the  other  phenomena  of  fever  (p.  220). 


CHAPTER  IX. 

PARASITES. 

A  PARASITE  is  an  organism  which  obtains  its  food  and  lodgmg  at 
another  organism's  expense,  without  destroying  it  and  without  ren- 
dering it  sei'vice. 

Human  parasites  may  be  classified  according  as  their  habitat  is  on 
the  surface  of  the  body  (external)  or  in  its  interior  (internal^.  Some 
parasites  are  wholly  parasitic  ;  others  ovXy  paHially  parasitic — i.e.,  spend 
only  a  portion  of  their  life's  cycle  in  the  parasitic  state.  Some  parasites 
seem  to  possess  a  considerable  degree  of  option  as  to  their  mode  of  life, 
remaining  in  an  independent  condition  for  irregular  intervals  without 
apparent  detriment  {occasional  parasites^  Some  can  exist  in  or  on  any 
one  of  many  species  of  animal,  others  in  or  on  only  a  few  or  even  a  single 
species ;  while  some  are  limited  to  one  tissue  of  a  single  species. 

Parasites  generally  obtain  their  nutriment  easily,  and  tend  to  lose 
such  parts  as  are  not  essential  to  life  or  for  propagation.  Thus,  external 
parasites  retain  the  organs  of  locomotion,  for  active  movement  is 
generally  necessary  to  obtain  food,  to  escape  from  danger,  and  to  effect 
copulation.  Internal  parasites,  on  the  other  hand,  generally  lose  these 
organs — teeth,  suckers  and  cilia  alone  excepted.  Moreover,  internal 
parasites  obtain  food  and  oxygen  by  direct  absorption,  and  tend  to  lose 
both  alimentary  tract  and  respiratory  system.  The  power  of  reproduc- 
tion which  parasites  possess  is  enormous.  It  has  been  estimated  that  the 
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common  intestinal  round  worm  jjroduoes  more  tlian  60,000,000  ova 
per  annum. 

Tlie  ett'ects  of  ]iara.sites  ma}'  be  either  chemical  or  meclianical.  The 
chemical  effects  are  chiefly  exerted  by  means  of  toxic  products  result- 
ing from  tlie  growth  and  excretion  of  the  jwrasitic  organism.  Tliese 
I)roducts  ma}'  lead  (l)  to  general  poisoning  of  tlie  host;  (2)  to  local 
destruction  of  tissues  ;  (3)  to  inflanmiatory  fibrosis  ;  and  (4)  to  various 
reflex  effects.  The  mechanical  eflfects  comprise  (l)  the  blocking  of 
tubes  such  as  gland-ducts,  intestine  and  blood-vessels ;  (2)  pressure 
upon  and  destruction  of  tissues  by  the  mere  jiresence  of  the  growing 
parasites ;  and  (3)  hemorrhage  from  weakening  and  rupture,  or  from 
direct  perfoi-ation,  of  the  walls  of  the  vessels. 

There  is  a  popular  idea  that  some  animal  parasites  can  aj>propriate 
to  themselves  an  amount  of  nourishment  which  seriously  detracts  from 
that  usually  at  the  disposal  of  the  host.  This  effect,  however,  is  at  most 
unimportant. 

It  will  be  readily  understood  that  in  all  local  effects,  either  chemical 
or  mechanical,  the  gravity  of  the  results  will  depend  largely  upon  the 
importance  of  the  parts  and  tissues  involved.  The  gi-owth  of  a  hydatid 
cyst  in  the  liver  may  produce  a  tumour  many  inches  in  diameter,  yet 
causing  comparatively  little  inconvenience,  while  a  much  smaller  growth 
may  lead  to  a  fatal  result,  if  it  occur  at  the  base  of  the  brain. 

ANIMAL  PARASITES. 
PEDICULI. 

Pediculi  and  acari  are  the  two  principal  external  jiathogenic  anivial 
parasites  of  importance  in  temperate  zones.  The  former  are  wingless 
insects :  the  latter  are  members  of  the  spider  class. 

Three  varieties  of  pediculus  are  parasitic  on  man — P.  corporis, 
P.  capitis,  and  P.  pubis  (Fig.  123).  The  first  two  varieties  are  closely 
similar,  and  all  three  have  many  points  in  common.  In  length  they  vary 
from  1mm.  to  4mm.  The  head  is  conical,  constricted  at  its  junction  with 
the  thorax,  and  provided  with  a  proboscis,  a  pair  of  prominent  jointed 
antennae,  and  a  compound  lateral  eye  behind  each  antenna.  The 
thorax  in  the  P.  corporis  and  P.  cajntis  is  marked  off  from  the  abdomen 
by  a  distinct  constriction,  and  carries,  in  each  of  the  three  varieties, 
three  pairs  of  jointed  legs  terminating  in  claws.  The  number  of 
segments  in  the  abdomen  varies  with  the  species.  The  surface  of 
limbs,  thorax  and  abdomen  alike  is  provided  with  scattered  hairs. 

The  sexes  are  distinguished  from  one  another  by  their  respective 
sizes  and  by  their  generative  apparatus.  The  males  are  from  half  to 
two-thirds  the  size  of  the  females.  The  penis  is  large  and  extends 
over  the  centre  of  the  dorsal  surface  of  the  last  three  abdominal 
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segments.  The  last  of  these  segments  is  rounded.  In  addition  to 
their  larger  size,  the  females  are  recognised  by  the  notching  of  the 
last  abdominal  segment  and  by  the  possession  of  a  ventral  vagina.  It 
follows,  therefore,  that  the  females  are  uppermost  in  copulation.  The 
number  of  ova  produced  by  a  single  specimen  vai'ies  in  the  different 
species.  The  embryos  emerge  in  from  five  to  seven  days,  and  mature 
in  the  course  of  the  following  fortnight. 

The  intolerable  itching  produced  by  the  digging  action  of  the 
parasites  extends  beyond  the  areas  immediately  affected,  and  leads  to 
violent  scratching  of  the  parts  involved,  and  this  again  to  abrasions  in 
the  skin.  Into  these  abrasions  cocci  grow  readily,  and  in  this  way 
pustules  and  enlarged  glands  are  produced. 

1.  The  Pediculus  corporis  vel  vestimenti  is  the  largest  of 
the  parasitic  pediculi  (3.5mm.  x  1.5mm.).  It  is  greyish  and  semi- 
transparent,  and  possesses  well-developed  legs  which  enable  it  to 
move  rapidly.  There  are  eight  abdominal  segments.  This  parasite 
inhabits  the  upper  margin  of  the  underclothing  on  the  chest.  Here 
it  has  easy  access  to  the  skin,  whence  it  obtains  its  nutriment.  Push- 
ing its  proboscis  along  some  duct,  it  withdraws  blood  by  suction,  the 
point  of  entry  being  subsequently  marked  by  a  fine  haemorrhagic 
speck.  The  ova  are  generally  deposited  in  the  clothes,  but  may  be 
occasionally  seen  fastened  to  the  hairs  growing  on  the  skin  of  the 
thorax. 

2.  The  Pediculus  capitis  is  smaller  than  the  foregoing 
(2.5mm.  x  1mm.).  Its  colour  somewhat  simulates  that  of  the  skin  of 
its  host,  and  thus  may  be  pale,  dark,  or  distinctly  yellowish.  In  this 
country  the  sides  of  the  abdominal  segments  are  generally  much 
darker  than  in  the  P.  corporis,  which  in  general  appearance  it  closely 
resembles.  The  P.  capitis,  however,  possesses  only  seven  abdominal 
segments.  This  pediculus  inhabits  the  occipital  region  of  the  scalp. 
Its  legs  are  the  least  powerful  of  the  three  varieties,  and  its  move- 
ments are  correspondingly  less  active.  The  ova  (fifty  or  thereabouts 
for  each  female)  are  fastened  to  the  hairs  of  the  scalp  by  a  glutinous 
substance.  They  are  flattened  at  the  free  end,  and  are  pi'ovided  with  an 
operculum,  which  soon  falls  off  and  permits  the  escape  of  the  embryos. 

3.  The  Pediculus  pubis  is  the  shortest,  and,  proportionately  to 
its  length,  the  broadest  of  the  three  varieties.  The  antennae  are  very 
prominent.  The  constriction  at  the  base  of  the  head  is  very  slight, 
and  the  division  between  the  thoi-ax  and  the  abdomen  is  marked  onlv 
by  the  position  of  the  legs.  Of  these  the  anterior  pair  are  slight,  and 
are  used  for  walking,  while  the  posterior  two  pairs  arc  very  powerful 
and  terminate  in  strong  crab-like  claws,  enabling  the  parasite  to  cling 
with  great  tenacity.  This  pediculus  inhabits  the  pubic  hair,  rarely 
straying  to  more  distant  parts.  It  attaches  its  ova,  ten  or  fifteen  in 
number,  to  the  base  of  the  hair-shaft.    These  ova  are  difficult  to  see. 
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Fig.  123. — Pediculi parasitic  in  Man.  Fig.  i. — Pediculus  pubis  (female). 
Fig.  2.  Pediculus  pubis  (male). -S Fig.  3. — Acarus  scabiei,  (/)  female, 
[m)  male — to  show  comparative  size.  Fig.  4. — Pediculus  capitis 
(female).  Fig.  5. — Pediculus  capitis  (male).  Fig.  6. — Ova  or  nits  of 
Pediculus  capitis.  Fig.  7. — Pediculus  corporis  (female).  Fig.  8. — 
Pediculus  corporis  (male).  These  figures  show  the  comparative 
size  as  well  as  the  distinguishing!  features  :  a,  antenna;;  b,  legs;  c, 
penis  ;  d,  notched  posterior  segment ;  e,  eyes  ;  /,  proboscis ;  s,  glu- 
tinous sheath  surrounding  hair  (//).     x  15. 
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ACARI. 


The  only  important  parasite  belonging  to  this  class  is  the  Acarus 
scabiei  (Sarcoptes  homiim)  or  itch-mite.    This  minute,  tortoise-shaped 


Fig.  124. — Acarus  scabiei.    (i)  female;  (2)  male  ;  (3)  larva  ;  (4)  ovum. 
a.L,  anterior  legs  terminating  in  stalked  suckers  (i.J.);  e.p.l.  pos- 
terior legs  terminating  in  bristles;  i.p.l.,  posterior  median  legs  of 
male  terminating  in  stalked  suckers;  d.s.,  dorsal  spines;  s,  setae; 
J./. ,  support  for  penis,    x  150. 


arachnid  is  just  visible  to  the  naked  eye  as  a  white  glistening  speck  : 
the  female  burrows  in  the  epidermis,  and  the  male  roams  over  the 
surface  of  the  skin  (Fig.  1  24).    Short  hairs  or  sette  are  scattered  over 
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its  body,  which  has,  on  its  chjrsal  surface,  rows  of  spines  forming  trans- 
verse, serrated  lines  ;  and  on  its  ventral,  eight  short  conical  legs, 
terminating  in  long  bristles  or  stalked  suckers. 

Three  features  serve  to  distinguish  the  female  from  the  male : 
(1)  the  size,  (2)  the  distribution  of  bristles  and  suckers,  and  (3)  the 
generative  apparatus.  (1)  The  female  is  rather  less  than  -Smm.  long, 
(tV  while  the  male  is  rather  more  than  half  the  size  of  the 

female.  (2)  In  both  sexes  the  four  anterior  legs  terminate  in  suckers.  Of 
the  posterior  four,  in  the  female,  all  end  in  bristles ;  while  in  the  male,  the 
two  externa/  end  in  hrisl./ex,  and  the  two  median  in  suckers,  an  arrange- 
ment by  which  copulation  is  facilitated.  Qi)  In  the  female,  little 
evidence  of  generative  organs  can  be  seen  beyond  the  occasional 
presence  of  an  ovum  on  the  ventral  surface ;  in  the  male,  however, 
there  is  a  penis,  with  a  horny  support,  in  shape  not  unlike  a  pitchfork. 

The  larval  form  is  smaller  than  the  male  (Fig.  124),  and  possesses 
only  six  legs.  Before  reaching  maturity  it  sheds  its  skin  two  or  three 
times,  and  develops  generative  organs  and  eight  new  legs.  The 
original  six  legs  are  not  shed  until  the  new  ones  are  developed,  so 
that  in  some  specimens  fourteen  legs  may  be  counted. 

The  female  acarus  burrows  into  the  epidermis,  depositing  her  eggs 
— about  one  a  day — along  the  track.  If  undisturbed,  she  continues 
to  do  this  for  some  weeks,  and  then  dies.  In  the  meantime,  the  ova 
gradually  develop  into  the  larval  form,  burrow  a  little,  mature,  become 
impregnated,  and  finally,  in  the  case  of  females,  start  bui-rowing  afresh. 
The  male  does  not  burrow,  but,  as  the  epithelium  wears  away,  reaches, 
and  wanders  over,  the  surface  of  the  skin. 

Effects. — The  presence  of  the  parasite  in  the  skin  gives  rise  to 
intolerable  itching,  which  is  followed  by  violent  scratching.  Pyogenic 
cocci  grow  into  the  abrasions  of  the  skin  thus  produced  and  give  rise 
to  a  pustular  eruption.  The  parasite  seems  to  have  a  special  prefer- 
ence for  the  hands,  feet,  and  external  generative  organs.  The  disease 
arises  from  prolonged  contact  with  infected  skin,  bedding,  clothes,  or 
tools. 


CESTODA. 

•  The  principal  inlernal  animal  parasites  include  members  of  the 
Fermes  {Cestoda,  Nemaloda,  Trematoda)  and  Protozoa.  The  members 
of  the  Cestoda,  indigenous  in  man,  are  long,  flat,  white,  tape-like 
worms  inhabiting,  in  their  mature  form,  the  intestinal  canal.  The 
mature  worm  consists  of  a  minute  head  and  neck  with  a  longer  or 
shorter  row  of  attached  segments.  The  complete  worm,  known  as  a 
strobilus,  is,  in  jnost  cases,  not  a  single  individual,  but  a  colony  of 
individuals  formed  by  continual  budding  from  a  single  spot  on  a  parent 
segment  (Fig.  125).  The  head  or  parent-segment  is  generally  1mm.  to 
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2  mm.  broad,  and  is  provided  with  suckers  whicli  enable  it  to  cling  to 
the  wall  of  the  intestine.  It  is  succeeded  by  a  long  narrow  neck.  At 
the  farther  end  of  this,  in  the  large  majority  of  instances,  transverse 
lines  indicate  the  commencing  formation  of  the  segments  or  pro- 
gloUides  of  which  the  worm  almost  entirely  consists.  Those  nearest  to 
the  neck  are  imperfectly  developed  and  defined,  those  in  the  -centre 
are  distinctly  marked  off  from  their  fellows  and  present  well-developed 


Fig. 


-i 'ortiojis  oj  a  Tania  saginala.    Natural  size,    a,  head,  neck 


and  commencing  segmentation  ;  b,  central ;  c,  terminal  proglottides. 

generative  organs,  while  those  nearest  the  posterior  end  are  crammed 
with  ova.  Each  fully  developed  segment  is  hermaphrodite.  These 
worms  are  destitute  of  digestive  organs,  and  absorb  their  nutriment 
directly  from  the  intestinal  contents.  They  possess  a  complete  water- 
vascular  system  which  takes  the  form  of  longitudinal  tubes  running 
down  each  side  (Fig.  129). 

The  life-history  of  a  tape-worm  includes  residence  in  two  hosts. 
The  ripe  proglottides  are  broken  oif,  for  the  most  part  one  by  one,  from 
the  parent  worm.    Before  they  are  discharged  from  the  intestine,  or 
even  after  they  have  been  passed,  the  ova  they  con- 
tain are  set  free.    It  is  generally  believed  that  the  ova 
are  expelled  from  the  proglottides  by  the  vermicular 
movements  of  the  latter ;  in  any  case  they  retain  their 
vitality  for  some  days.    If  at  this  stage  the  ova  are 
eaten  by  some  animal  capable  of  acting  as  the  host  of 
the  intermediate  form  of  the  parasite,  they  continue 
their  development  until  the  shells  are  dissolved  off  in 
the  alimentary  tract,  and  an  embryo  with  six  booklets 
is  set  free.    By  means  of  these  booklets  the  embryo 
is  enabled  to  penetrate  the  wall  of  the  alimentary 
tract  and,  by  way  of  the  blood-stream  or  some  other 
route,  to  reach  some  distant  part.    When  the  progress  of  the  embryo 
is  finally  arrested,  the  booklets  disappear,  and  at  the  end  of  the 
embryo  opposite  to  their  attachment  a  cavity  appears.    P'rom  the 
wall  of  this  cavity  a  fully  formed  head  (sculcx)  develops,  while  the 


Fig.  126.  —  Tcsnia 
saginata.  Cystic 
stage  with  head 
everted.  x  3. 
(Ziegler  from 
Leuckart. ) 
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Fig.  127. — I.  Head  of  Tcenia  solhim,  front  view.  2.  Head  of  Tasnia 
soHwit,  side  view.  3.  Hend  of  Teenia  saginaia,  {ront  view.  4.  Head 
of  Bothriocephalus  latus,  side  view,  h,  booklets  ;  r,  rostellum ; 
s,  suckers;  m,  summit  of  rostellum.    x  20. 


Ut. 


OY.  ---tiv- 


Fig.  128. — Tttnia  cchiiio- 
coccus.  X  12.  (Ziegler 
after  Leuckart.) 


Fig.  129. — One  of  the  middle  segments  from  a  Tania 
saginata.  t.,  testes;  v.d.,  vasa  deferentia ;  m., 
ovary;  ut.,  uterus;  v.,  vagina;  cl.,  genital  pore. 
X  6. 
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Fig.  131. — Bothriocephalns  latus.    Three  mature  segments  with  coiled 
rosette-lil<e  uterus  and  central  genital  pore,     x  6. 
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parasite  gradually  becomes  enclosed  in  a  fibrous  capsule  suj)plied 
by  the  surrounding  tissues.  In  this  iutcrmcdiatc  or  ci/.slic  stage  the 
parasite,  now  known  as  a  cijxticercitA-  (Fig.  V2(i),  may  live  for  many 
months,  or  may  soon  die.  When  dead,  it  readily  undergoes  cal- 
cification. If,  however,  tissues  containing  living  cysticerci  be  swal- 
lowed by  an  animal  capable  of  acting  as  the  host  of  the  mature 
worm,  the  investing  material  is  dissolved  off,  and  the  scolex  is  set  free. 
By  means  of  their  suckers  some  of  the  heads  will  ])robably  become 
attached  to  the  wall  of  the  intestine,  and  segments  will  quickly 
develop  from  the  free  ends.  All  new  segments  are  formed  at  the 
neck,  and  the  older  ones  are  thus  pushed  further  and  further  from  the 
head,  at  the  same  time  gradually  developing  generative  organs.  Two 
months  generally  elapse  between  the  swallowing  of  the  cysticerci  and 
the  passage  of  the  first  jiroglottides  from  the  rectum. 

Four  varieties  of  tape-worm  are  commonly  parasitic  in  man.  Three 
of  these  are  found  in  the  intestine,  the  Tcenia  solium,  the  Tcmia 
saginaia  or  mediocanellata,  and  the  Bothriocejihalm  latiis.  The  fourth, 
the  Tcenia  echinococcus,  does  not  infest  the  human  intestine,  but  may 
be  found,  in  its  cystic  or  intermediate  stage,  in  the  liver  and  other 
parts.  The  characters  of  these  four  parasites  are  set  forth  in  the 
accompanying  table,  from  which  it  will  be  seen  that,  except  so  far  as 
the  head  is  concerned,  the  Tania  solium  and  the  Tcenia  saginaia 
very  closely  resemble  one  another ;  while  the  Bothiiocephalus  lalim  is 
easily  distinguished  by  the  shape  of  its  head,  by  the  breadth  of  its 
segments,  and  by  the  coil-like  form  of  its  uterus  (Fig.  .131). 

Two  other  tape-worms  are  less  commonly  met  with  in  the  human 
intestine,  the  Tania  nana  and  the  Tania  canina  (cucumenna).  Of 
these,  the  Tcenia  nana  is  from  half  an  inch  to  one  inch  in  length,  and 
consists  of  head,  neck,  and  about  150  broad  segments.  The  head 
somewhat  resembles  that  of  the  Tcenia  solium,  but  is  more  spherical ; 
while  the  joints  are  broad,  like  those  of  the  Bothrioceplmlus  latus ;  but 
the  genital  pore  is  at  the  side.  The  Tcenia  canina  is  about  one  foot 
in  length.  The  head  has  three  or  four  rows  of  booklets,  which  are 
twice  as  numerous  as  in  the  other  vai'ieties.  The  segments  number 
about  one  hundred,  of  which  the  last  twenty-five  are  mature  and 
rather  more  than  a  quarter  of  an  inch  in  length.  They  have  a  genital 
pore  on  each  side  of  each  proglottis.  This  parasite  is  most  frequently 
found  in  dogs  and  cats. 

Effects. — These  are  generally  so  slight  that  the  presence  of  the 
Avorm  is  unsuspected  until  detached  proglottides  are  passed  per  anum; 
but  slight  intestinal  colic,  and  even  convulsions  and  other  nervous 
disorders,  occasionally  ensue,  especially  in  children.  The  presence  of 
the  B.  latus  is  sometimes  associated  with  a  condition  resembling  perni- 
cious ana;mia.  These  effects  are  due  either  to  mechanical  irritati<m  or 
to  the  absorption  of  toxic  substances  formed  by  the  parasites. 
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Comparative  Table  of  Parasitic  Tape-worms. 

See  Figs.  125-131. 


Name 

Taenia  solium 

Taenia  saginata 

Taenia  echino- 
coccus 

Bothriocepha- 

iUb  IHLUo 

Length 

7  to  10  feet 

10  to  20  feet 

\  inch 

10  to  25  leet 

Segments 

700  to  1000 

1000  to  2000. 

4 

3000  to  4000 

Host 

Man 

Man 

Dog  and  Wol  t 

Man 

Intestine,  often 

Intestine,  usu- 

Intestine, in 

Intestine,  one 

in  numbers 

ally  singly 

numbers 

or  more 

SOURCl! 

Infected  insuffi- 

Infected insuffi- 

Infected vis- 

ciently cooked 

ciently  cooked 

cera  of  sheep 

ClClllly  LOOKCLl 

pork 

beef 

lake  fish 

Inter- 

Pig:  "measly 

0.\:  "measlybeef" 

Man  and  Sheep 

Pike  and  Xrout, 

medi.-\te 

pork" 

occ. 

Host 

SEAT 

Muscle  and  vis- 

Muscle and  vis- 

Chiefly liver, 

Muscle  and  vis- 

cera 

cera 

less  frequent- 

cera 

ly  muscle 

and  viscera 

SOURCE 

Food  infected 

r  ood  mfected 

Food  infected 

r  ood  intected 

with  dejecta 

with  dejecta 

with  dejecta 

with  dejecta 

containing 

containing 
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Hydatid  Cysts. 

Special  reference  must  be  made  to  the  cystic  stage  of  the  Tosnia 
echinococcus,  owing  to  the  frequency  with  which  it  is  found  in  the  viscera 
of  man,  especially  in  the  liver — three-fifths  of  the  total  cases  occurring 
in  that  organ. 

The  embryos  derived  from  the  ova  of  the  adult  worm  are  set  free 
in  the  intestine,  from  which  they  escape,  mainly  by  the  veins,  and  thus 
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reach  the  liver  or  other  jmrts  wliere  they  come  to  rest.  Each  embryo 
is  capable  of  development  through  a  long  cycle  of  changes,  the  earliest 
of  which  consist  in  the  formation  of  a  spheroidal  body  which  gradually 
develops  into  a  cyst.  The  ctjsl-waU  consislx  of  two  layers — an  external, 
transparent,  more  or  less  definitely  laminated  edoajd  (Fig.  133),  and  an 
internal,  granular,  germinal  layer  or  oidorijsl  (Fig.  132). 


KiG.  132. — Diagram  of  portion  of  wall  of  Hydatid  Cyst,  to  show  develop- 
ment of  Brood-capsules  and  Scolices.  a,  germinal  layer  or  endocysl 
showing  commencement  of  brood-capsule  ;  b,  brood-capsule  with 
two  scolices,  one  inverted,  the  other  everted  ;  c,  laminated  layer  or 
ectocyst.     x  50.    (Modified  from  Leuckart.) 

The  ajsl  contains  ( 1 )  a  varying  amount  of  Jluid  which  is  clear,  saline, 
and,  in  its  primitive  state,  non-albuminous,  with  a  specific  gravity  vary- 
ing from  1004'  to  1013;  and  (2)  the  scolices  or  immature  heads  of  the 
adult  parasite.  The  scolices  differ  from  the  heads  of  the  adults  only 
in  the  smaller  size  of  the  booklets  of  the  former  and  in  the  incomplete 
development  of  the  roots  of  their  booklets.    There  is  no  complete 


Fig.  133. — Latninated  ectocyst  or  "  hydatid  membrane"  from  cystic  stage 
of  T.  echinococcus  in  human  liver. 

agreement  as  to  the  exact  procedure  by  which  these  scolices  are  formed. 
In  all  probability  tliey  may  arise  directly  from  the  germinal  layer  of 
the  original  cyst-wall ;  but  more  usually  they  originate  from  secondary 
cysts  known  as  "  brood-capsules."  These  are  formed  as  hollow  elevations 
from  the  germinal  layer,  and  gradually  come  to  consist,  as  in  the  case 
of  the  original  cyst-wall,  of  two  definite  layers— though  their  position 
is  inverted  —  an  outer  germinal  layer,  and  an   inner  imperfectly 
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laminated  layer.  The  outer  layer  is  connected  with  the  original  cyst- 
wall  by  a  stalk  (I'ig  132).  From  the  wall  of  the  brood-caj>sule  the 
scolices  are  formed^  in  some  cases  as  invaginated  depressions  into  the 
interior  of  the  capsule,  in  others  as  external  projections  from  the  surface. 
If  the  wall  of  the  brood-capsules  is  ruptured  the  solices  may  be  scattered 
unattached  through  the  contents  of  the  cyst.  According  to  Leuckart, 
all  scolices  are  formed  originally  from  the  exterior  as  hollow  buds 
which,  later  on,  maj'  become  invaginated,  then  appeai-ing  as  internal 
projections  into  the  cavity  of  the  brood-capsule.  However  formed, 
they  may  remain  quiescent  for  long  periods,  or  may  die  and  disintegrate 
(Fig.  134)  and  become  calcified,  the  calcification  of  the  cyst-walls  pre- 
ceding that  of  the  scolices. 

The  brood-capsules  do  not  always  grow  dii-ectlj^  from  the  original 


Fig.  134. — Deposit  from  contenls  of  Hydaiid  Cyst,    a,  scolex  ; 
b,  scattered  booklets  ;  c,  cholesterine  crystals,     x  100. 

cyst-wall,  but  on  some  occasions  from  secondary  or  daughter-cysts, 
which  may  arise  as  hernial  protrusions  from  the  original  cysts,  or  as 
depressions  into  its  interior.  These  daughter-cysts  may  by  similar 
changes  produce  another  generation  of  corresponding  cysts,  from  any 
of  which  brood-capsules  may  be  formed.  Sterile  cysts,  containing 
neither  daughter-cysts  nor  scolices,  are  sometimes  found,  the  sterility 
apparently  depending  upon  the  lack  of  sufficient  nourishment.  It  will 
thus  be  understood  that  the  process  of  formation  is  very  complex  and 
that  much  room  exists  for  difference  of  opinion. 

The  presence  of  the  hydatid  cyst  leads  to  the  proliferative  reaction 
of  the  connective-tissue  in  which  it  grows,  and  to  the  gradual  develo])- 
ment  of  an  external  ^fibrous  coat. 
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Hydatid  disease  is  -^imic rally  derived  from  infection  of  the  food  or 
water-supply  by  contamination  with  tiie  faeces  of  dogs,  and  is  com- 
monest, therefore,  in  those  places  in  which  dogs  and  men  are  closc 
companions,  and  where  insufficient  care  is  taken  to  avoid  infection. 
Iceland  and  Australia  are  the  chief  homes  of  the  disease. 


NEMATODA. 

Nematoda,  or  round  worms,  are  long,  slender  and  cylindrical,  taper- 
ing at  both  ends.  They  possess  a  well-developed  alimentary  tract  with 
a  mouth  at  one  end  of  the  worm  and  an  anus  at  the  other.  The  sexes 
ai-e  distinct,  the  female  being  larger  than  the  male.  In  the  male,  the 
genital  pore  is  generally  close  to  the  anus,  and  therefore  near  the 
posterior  end  of  the  body.  In  the  female,  the  vagina  is  near  the 
middle  of  the  abdominal  surface.  A  short  description  will  be  given  of 
the  principal  parasitic  forms  which  are  pathogenic  in  man. 

1.  Ascaris  lumbricoid.es. — This  is  the  common  round  worm 
of  the  intestine.  During  life  it  is  of  a  pinkish-grey  colour  with  a 
glistening  surface  ;  after  death,  it  loses  its  pinkish  tint  and  becomes 
more  opaque.  The  female  averages  about  a  foot'  long  and  the  male 
six  inches.  The  head  has  a  central  mouth  provided  with  three  lips. 
The  ova  are  oval  and  generally  surrounded  with  semi-transparent 
albuminous  substance.  When  swallowed,  they  gradually  find  their  way 
into  the  small  intestine,  developing  into  the  adult  form  in  the  course  of 
a  month.  As  a  rule,  not  more  than  five  or  six  worms,  are  found  in  the 
same  host.  They  are  especially  common  in  lunatics,  negroes,  children, 
and  other  individuals  of  dirty  habits.  Occasionally,  howevei',  large 
numbers  may  be  found  in  the  intestine  of  a  single  individual — especially 
in  tropical  countries.  Although  the  duration  of  their  life  is  not  accu- 
rately known,  it  is  probably  not  more  than  a  few  months.  Re-infec- 
tion from  swallowing  the  ova  passed  in  the  faeces  may  jiroduce  a 
supply  lasting  some  years.  The  effects  of  the  parasite  are  due  (1)  to  irri- 
tation, which  gives  rise  to  slight  colic  and  occasionally,  in  I'ickety  children, 
to  convulsions  and  other  less  important  reflex  effects ;  (2)  to  their 
wandering  habits,  by  which  the  worms  may  find  their  way  into  the  bile- 
duct,  stomach,  larynx,  middle  ear,  peritoneal  cavity,  vagina,  or  other 
jjlaces,  and  there  give  rise  to  symptoms  of  obstruction  or  irritation  ; 
and  (3)  to  the  matting  together,  in  a  few  instances,  of  several  worms, 
thus  causing  intestinal  obstruction.  In  the  majority  of  cases  the 
presence  of  the  parasites  is  unsuspected  until  they  are  expelled. 

2.  Oxynris  vermicularis  (Fig.  ISa). — These  are  small  round 
worms  known  as  thread,  .seal,  or  maw  worm.s,  having  the  appearance 
of  shreds  of  bent  or  twisted  white  cotton.  The  female  is  one-third  to 
half  an  inch  in  length,  the  male  is  half  this  length.    The  head  is 
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pointed  and  furnished  with  two  cuticular  bags,  one  on  the  dorsal  and 
one  on  the  ventral  surface.    The  posterior  end  of  the  female  is  long 


Fig.  135.  —Showing  comparative  size  oj  various  Nematodes.  1.  Anky- 
lostoma  duodenale  (female) ;  \a.  Ankylostoma  duodenale  (female), 
nat.  size;  2.  Ankylostoma  duodenale  (male);  3.  Oxyuris  vermi- 
cularis  (female) ;  3f!.  Oxyuris  vermicularis  (female),  nat.  size  ;  4.  Oxy- 
uris vermicularis  (male)  ;  5.  Trichina  spiralis  (female)  ;  6.  Trichina 
spiralis  (male) ;  7.  Trichina  spiralis,  embryos  in  muscle  ;  8.  Filaria 
Bancrofti  (female),  parental  form  of  F.  sanguinis  hominis  nocturna; 
8a.  Filaria  Bancrofti,  nat.  size  ;  9.  Filaria  sanguinis  hominis  nocturna, 
embryos  in  blood,    x  14.' 

and  tapering  with  a  serrated  edge,  that  of  the  male  is  curved  with  a 
rounded  extremity,  furnished  with  a  single  projecting  spike.    The  ova 
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are  of  a  peculiar  and  distinctive  oval  shape,  being  more  convex  on  one 
side  than  on  the  other,  thus  taking  the  form  of  a  I)i-convex  meniscus 
(Fig.  1 36).  The  ova  of  the  oxijurix  develop  rather  more  raj)idly  than  those 
of  the  ascaris,  the  process  being  completed  in  two  or  three  weeks.  The 
ova  do  not  develop  unless  passed  through  the  stomach.  They  must 
accordingly  be  passed  per  anum  and  the  host  re-infected  by  the  mouth 
before  a  new  generation  can  develop,  in  cases  where  any  continuous 
infection  is  maintained.  Tlie  oxyurides  inhabit  the  large  intestine, 
especially  the  cajcum,  where  they  may  exist  in  myriads.  As  the  females 
become  pregnant  they  generally  pass  into  the  sigmoid  flexure  and 
rectum. 

These  parasites  are  found  mainly  in  children,  and  are  probably 
derived  from  infected  vegetables  and  fruit.  Their  principal  effects  are 
those  of  local  irritation.  They  give  rise  to  the  formation  of  a  large 
quantity  of  slimy  mucus,  some  of  which  is  passed  with  the  stools. 
They  may  also  lead  to  prolapse  of  the  rectum  and  enuresis.  Their 
reflex  eff"ects  are  somewhat  indefinite.  They  are  accredited  with  pro- 
ducing cough,  restlessness,  and  even  convulsions,  though  the  latter 
statement  is  probably  erroneous.  Their  wandering  habits  are  as 
marked  as  those  of  the  ascarides,  but  the  results  are  much  less  serious. 
The  females  make  their  way  through  the  anus  at  night,  causing  intoler- 
able itching,  and  may  be  found  in  the  vagina,  on  the  buttocks,  and  on 
the  sheets.  The  itching  at  the  anus  leads  to  scratching  and  to  the 
deposition  of  ova  under  the  finger-nails.  The  additional  itching  at 
the  mouth  and  nares,  which  is  also  a  common  effect,  leads  to  the  con- 
tinual transit  of  the  fingers  between  the  mouth  and  anus  during  sleep, 
and  accounts  for  the  extreme  frequency  of  auto-infection. 

3.  Ankylostoma  duodenale  {Dochmius  duodenalis)  (Fig.  135). — 
This  parasite  is  not  endemic  in  England,  but  is  exceedingly  common  in 
all  tropical  and  sub-tropical  countries.  The  females  are  rather  more 
than  half  an  inch,  and  the  males  rather  less  than  half  an  inch  in  length, 
but  the  former  are  at  least  twice  as  thick  as  the  latter.  The  head  is 
provided  with  four  hooks  and  two  teeth.  The  posterior  end  is  broad 
in  both  sexes,  the  male  possessing  an  umbrella-like  caudal  expansion, 
fitted  with  ribs  and  two  long  projecting  spicules.  The  ova  are  oval, 
segmented  and  enclosed  in  a  thin  transparent  capsule.  They  develop 
rapidly  in  muddy  water  and  in  mould,  especially  if  this  is  mixed  with 
faces.  The  embryos  in  this  stage  can  exist  for  months.  They  enter  their 
host  by  the  mouth  and  take  five  or  six  weeks  to  form  fully  developed 
adults.  They  inhabit  the  jejunum  and  duodenum  in  large  numbers,  becom- 
ing attached  to  the  mucous  membrane  by  means  of  their  hooks,  and 
sucking  the  blood  from  the  submucous  tissue.  The  results  of  their  pre- 
sence in  the  intestine  are  very  variable.  In  some  cases,  even  when  large 
numbers  are  present,  no  .symptoms  occur :  in  other  cases  the  parasites 
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give  rise  to  lia-morrhage  and  consequent  anaemia,  as  well  as  to  colic  and 
intestinal  catarrh. 

4.  Trichina  spiralis.  (Fig.  1.35.)— In  their  fully  developed  form 
tliese  minute  round  worms  are,  in  the  case  of  the  female,  about  one- 


FlG.  136. — Showing  conipa^-ativc  size  of  various  ova  and  embiyos.  A 
few  red  blood-corpuscles  have  been  drawn  to  serve  as  a  standard  of 
size.  I.  Acarus  scabiei ;  2.  Tasnia  solium  ;  3.  Bothriocephalus  latus 
(one  without  operculum) ;  4.  Ascai-is  lumbricoides  ;  5.  Oxyuris  vermi- 
cularis  ;  6.  Trichocephalus  dispar  ;  7.  Ankylostoma  duodenale ;  8,8r/. 
Bilharzia  hasmatobia  ;  9.  Filaria  nocturna  (witli  sheath) ;  10.  Filaria 
perstans  ;  11.  Trichina  in  muscle,     x  150. 

eighth  of  an  inch  long  and  in  the  case  of  the  male  about  one- 
eighteenth.  The  head  in  both  sexes  is  pointed :  in  the  male  the 
posterior  extremity  is  furnished  with  two  jaw-like  appendages  which 
probably  serve  to  fix  the  female  during  cojjulation.  The  ova  are 
hatched  within  the  body  of  the  female  and  escape  from  the  vagina  in 
the  form  of  minute  elongated  embryos.  The  life-history  of  the 
parasites  can  be  best  understood  by  tracing  tlie  development  of  the 
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embryos  from  the  intermediate  or  encysted  stage  in  which  they  lie 
encapsuled  in  the  tissues.  In  this  stage  they  may  be  found  in  the 
connective-tissue  between  the  individual  muscle-fibres,  in  the  subcu- 
taneous fat,  in  the  wall  of  the  intestine,  and  in  other  places.  If  a 
portion  of  muscle  infected  with  these  embryos  be  examined,  it  will  be 
found  to  contain  a  large  number  of  minute  oval  specks  just  visible  to 
the  naked  eye.  On  microscopic  examination  each  speck  is  seen 
to  consist  of  a  minute  oval  capsule  with  elongated  ends,  containing 
usually  but  one  embryo  (Fig.  136).  These  encapsuled  trichina?  may 
live  for  years.  After  a  time  the  cyst-wall  may  calcify  :  if  the  embryo 
within  dies  this  will  undergo  the  same  process  (Fig.   l.^T).    If  a 

portion  of  a  muscle  containing  living 
embryos  be  eaten  by  an  organism 
capable  of  becoming  the  host,  the 
capsules  are  dissolved  off  in  the 
stomach  and  the  embryos  pass  into 
the  intestine,  grow  slightly  (y^  inch), 
mature  and  pair.  The  female  grows 
rapidly  to  twice  its  former  size,  and 
.  develops  ova  and  embrj'os  as  de- 
scribed. These  are  either  discharged 
into  the  intestinal  canal  or,  accord- 
ing to  some  observers,  are  deposited 
in  the  lymphatics  of  the  intestinal 
walls.  In  any  case  they  reach  the 
muscle  and  becortie  coiled  up  w'ithin 
a  capsule  as  previously  described.  Their  complete  life-history  can 
be  accomplished  in  about  eighteen  days — two  or  three  days  occur 
between  infection  and  the  pairing  of  sexes,  six  or  seven  more  before 
the  embryos  are  set  free,  and  another  nine  or  ten  before  they  become 
encysted  in  the  tissues. 

The  principal  hosts  are  man,  the  pig  and  the  rat.  The  disease  is 
probably  conveyed  to  man  in  pork, — the  diaphragm,  muscles  of  the 
neck,  and  intercostals  being  those  muscles  which  contain  the  largest 
number  of  parasites  and  those  which  are  principally  used  in  the  manu- 
facture of  sausages.  It  is  obvious,  however,  that  no  animal  can 
become  infected  which  is  not  carnivorous,  and  it  is  therefore  necessary 
to  explain  why  the  pig  should  so  frequently  become  infected.  The 
explanation  probably  lies  in  the  fact  that  the  rat,  which  is  well 
known  to  eat  its  own  kind,  is  very  largely  infected  wherever  the  disease 
may  be  endemic.  Thus,  successive  generations  of  the  parasites  are 
maintained,  and  pigs  may  at  any  time  be  accidentally  infected  by 
eating  food  containing  portions  of  the  diseased  rats.  With  regard  to 
the  general  subject  of  infection,  it  may  be  noted  that,  while  the  adult 
intestinal  trichinae  probably  only  live  for  one  or  two  months,  the  muscle- 


FiG.  137. — Calcified  Trichince  in  Muscle. 
In  two  of  the  parasites  the  capsules  and 
contents  are  so  far  calcified  that  hardly 
any  trace  of  the  coiled  embryo  remains. 
In  the  other  the  trichina  is  dead, 
shrivelled  and  becoming  infiltrated. 
X  30. 
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trichinae  not  onlj'  live  foi*  years,  but  can  resist  the  decomposition, 
pickling,  and  freezing  of  their  environment,  succumbing  only  to  a 
temperature  of  80°  C,  which  is  rarely  reached  in  the  interior  of  any 
large  joint.  The  parasite  is  commonest  in  America  and  Germany. 
Its  effects  are  so  marked  that  they  give  rise  to  a  definite  disease  known 
as  trichinosis,  consisting  of  two  stages.  The  first  stage  is  characterised 
by  an  acute  gastro-enteric  catarrh  due  to  the  presence  of  myriads  of 
embryos  in  the  intestine,  and  is  sometimes  mistaken  for  cholera  or 
irritant  poisoning.  This  is  succeeded  by  a  second  stage,  which  develops 
when  the  embryos  reach  the  muscles,  and  consists  of  intense  muscular 
pain,  swelling,  rigidity  and  tenderness,  giving  rise,  in  addition  to  a 
high  temperature,  to  ai^honia,  dyspnoea,  trismus,  dysphagia  and  other 
serious  symptoms,  according  to  the  sjaecial  muscles  mainly  involved. 


5.  Filarise. — Filariae  are  long  thread-like  worms.  In  tropical 
countries  many  forms  are  parasitic  in  the  human  body.  Thus,  the 
Filaria  oculi  is  found  in  the  tissues  of  the  eye  ;  and  the  Filaria  medinensis 
and  the  Filaria  loa  in  the  subcutaneous  tissue.  All  these  parasites  may 
produce  local  irritant  effects. 

Of  greater  interest  is  a  group  of  filariae  known  as  the  Filaria 
sanguinis  haminis,  because  the  embryos  of  the  parasites  are  found  in 
the  blood.  Of  these,  the  Filaria  sanguinis  hominis  nocturna  is  the  best 
known  member  of  the  group. 

The  adult  form  of  the  Filaria  nocturna  is  generally  known  as  the 
Filaria  Bancrofli  (Fig.  135).  The  female  has  the  appearance  of  a  white 
thread,  about  three  and  a  half  inches  long  and  rather  more  than  one- 
hundredth  of  an  inch  in  diameter.  The  male  is  considerably  smaller, 
and  less  frequently  found.  The  posterior  end  in  both  sexes  is  blunt, 
and  the  head  slightly  bulbous  with  a  central  unprotected  mouth.  The 
vagina  of  the  female  is  close  to  the  head.  After  the  death  of  the  host 
these  parasites  are  generally  found  in  the  retro-peritoneal  lymph- 
channels,  but  may  be  lodged  anywhere.  The  embryos  found  in  the 
blood  are  about  one-ninetieth  of  an  inch  long,  and  in  breadth  equal  to 
the  diameter  of  a  red  blood-corpuscle.  The  parasite  is  provided  with 
a  fine  sheath  which  it  does  not  completely  fill,  and  in  which  it  can 
move  backwards  and  forwards  (Fig.  136).  It  also  exhibits  lashing- 
movements,  but  has  no  power  of  travelling  from  place  to  place.  The 
embryos  are  only  found  in  the  blood  during  sleeping  hours,  hence  the 
name  nocturna.  They  appear  gradually  at  about  six  o'clock  in  the 
evening.  At  midnight  they  are  present  in  greatest  number,  and 
Manson  has  estimated  that  there  may  be  as  many  as  50,000,000 
present  in  the  blood  of  a  single  individual  at  that  time.  They  then 
gradually  diminish  in  number,  and  by  six  or  seven  o'clock  in  the 
morning  have  completely  disappeared.  During  the  night  some  of  the 
parasites  may  be  removed  from  the  blood  by  mosquitoes.  The  embiyos, 
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whidi  thus  reach  the  stomach  of  the  mosquito,  pierce  and  escape  from 
their  sheaths  and  bore  their  way  into  the  thoracic  viscera,  where  tiiey 
underf-o  further  develoimient  (Fig.  l.'iS).  On  the  death  of  the 
mosquito  they  fall  with  the  body  of  tlie  insect  into  drinking  water, 
and  thus  are  conveyed  to  the  stomach  of  man.  Here  they  develop 
into  a  larval  form,  which  escajjes  from  the  alimenlary  tract  into  the 
lymph-channels  and  there  develops  into  the  adult  form  as  described 
above.  From  this  resting-place  the  female  discharges  her  embryos  into 
the  blood-stream  by  way  of  the  thoracic  duct. 


Fig.  138. — Filaria  sangiiini:!  hominis  nocturna.    Section  through  the 
thoracic  muscles  of  a  mosquito  about  a  week  after  infection  with 
filarias.    In  (n)  and  [b]  the  rudimentar)'  mouth  and  alimentary  tract, 
which  are  formed  during  this  stage,  can  be  seen.     y.  go. 
(From  a  specimen  by  Dr.  Manson. ) 


Effects. — In  most  instances  of  filariasis  no  effects  are  observed.  In 
a  few  cases,  however,  thei-e  may  be  found  associated  with  the  existence 
of  filariae  in  the  blood  (l)  an  enormous  overgrowth  of  the  skin  and 
subcutaneous  tissue  of  the  lower  exti'emities,  and  occasionally  of 
other  parts  {elephanliasis  arahuni).  In  these  cases  but  few  filaria'  can 
be  found  in  the  blood.  According  to  Manson  the  elephantoid 
condition  is  due  to  the  premature  discharge  of  the  ova  of  the  filaria. 
These  ova  are  more  than  four  times  the  breadth  of  the  einbrj'os  and 
broader,  therefore,  than  the  lymph-channels  in  the  glands  through 
which  they  cannot  pass,  and  in  which,  therefore,  they  are  likelj'  to 
become  imbedded.  Manson  suggests  that  these  ova  block  the  lymph- 
channels  in  the  lymphatic  ghmds  one  after  another,  until  the  whole 
area  drained  by  the  connected  lymphatics  is  engorged  with  lymph. 
Overgrowth  of  the  superficial  parts  follows.    The  absence  of  embryos 


ANIMAL  PARASITES 


245 


from  the  blood  in  these  cases  is  readily  explained  by  the  blocking  of 
the  channels  through  which  they  would  reach  the  blood-stream. 
(2)  In  other  cases  associated  with  the  presence  of  filaria;,  the 
abdominal,  renal,  scrotal  and  pelvic  lymphatics  are  intensely  varicose 
and  filled  with  chyle,  which  often  finds  its  way  into  the  urine  as  well, 
producing  the  condition  known  as  "chyluria."  Tlie  chyle  found  in 
these  lymphatics  can  only  reach  them  by  regurgitation  from  the 
thoracic  duct ;  and,  on  at  least  two  occasions,  the  upper  part  of 
the  thoracic  duct  has  been  found  blocked.  Manson  has,  therefore, 
suggested  that  the  first  step  in  the  production  of  chyluria  and  lymph- 
scrotum  is  tlie  plugging  or  inflammatoiy  occlusion  of  the  thoracic  duct, 
and  that  the  increased  lymphatic  pressure  thus  caused  leads  to  a  flow 
of  the  chyle  back  through  the  pelvic  lymphatics  to  those  on  the 
abdominal  wall,  the  lymph  thus  reaching  the  blood-stream  through 
anastomoses  between  the  lymphatics  of  the  upper  limbs  and  those  of 
the  lower.  Thus,  the  presence  of  chyle  in  the  pelvic  lymphatics  maybe 
accounted  for,  while  the  rupture  of  varicose  lymphatics  thus  produced 
suffices  to  explain  the  existence  of  the  chyluria. 

Several  other  varieties  of  the  Filaria  sanguinis  honiinis  are  described. 
The  Filaria  diurna  in  its  embryonic  form  closely  resembles  the  nochmia. 
differing  from  it  only  in  the  time  at  which  it  appears.  The  parental 
form  of  the  F.  diurna  has  not  been  described,  but  Manson  suggests  that 
the  Filaria  loa  may  really  occupy  this  relationship.  The  embryos  are 
not  pathogenic. 

The  Filaria  perstans  is  a  thinner  and  shorter  embryo  than  those 
before  mentioned  (Fig.  136).  It  has  no  sheath,  possesses  rapid  move- 
ments by  which  it  travels  from  place  to  place,  and  is  never  absent  from 
the  blood  of  an  infected  individual.  The  majority  of  the  natives  on 
the  West  Coast  and  in  the  central  parts  of  Africa  seem  to  be  infected 
with  it.  The  Filaria  perstans  is  generally  to  be  found  in  cases  of  Sleeping 
Sickness,  but  it  is  not  yet  certain  that  the  parasite  has  any  causal  rela- 
tion to  the  disease. 

TREMATODA. 

Several  members  of  this  order  are  on  rare  occasions  found  as  human 
parasites.  Thus,  the  Distoma  hepalicum,  or  parasite  of  sheep-rot,  and 
the  Distoma  lanceokiium  are  occasionally  found  in  the  liver.  The  only 
species  commonly  parasitic  in  man  is,  however,  the  Distoma  iia;matohium 
or  Billiarzia  h^matobia.  The  female  has  the  form  of  a  thin  thread  an  . 
inch  long  ;  the  male  is  half  an  inch  long,  of  milk-white  colour,  flat, 
and  curved  laterally  so  as  to  be  slightly  concave  on  the  ventral  side 
(Fig.  1 39).  During  sexual  intercourse  tlie  curve  increases  so  that  the 
opposite  sides  meet  to  form  a  "gyniecophoric  canal "  in  which  the  female 
is  enclosed.    At  the  anterior  end  of  the  male  there  are  two  suckers. 
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These  parasitesj  especially  the  males,  are  found  in  large  numbers 
in  the  genito-urinary  and  mesenteric  veins  of  infected  persons.  After 
impregnation  the  females  are  believed  to  move  into  the  smallest  vessels 

and  there  to  discharge  their  ova.  In  shaj)e 
these  are  generally  compared  to  a  melon 
seed,  being  pointed  ;it  one  end  (s])ike) 
and  enclosed  in  a  transparent  membrane 
(Fig.  136).  Their  contents  often  appear  seg- 
mented, and  occasionally  the  different  parts 
of  the  future  embryo  can  be  clearly  made 
out.  They  very  rapidly  mature  in  j)ure 
water,  the  membrane  rupturing  and  setting 
free  a  somewhat  elongated  embryo  provided 
with  cilia.  The  eggs  do  not  mature,  and 
the  embryos  are  never  set  free,  either 
within  the  blood-vessels  or  in  the  urine. 
Sometimes  the  spike  is  placed  on  one  side 
of  the  ovum  (Fig.  136),  and  this  arrange- 
ment is  believed  to  be  commonest  in  the 
mesenteric  forms. 

The  period  which  may  elapse  between 
infection  and  the  appearance  of  ova  in  the 
urine  is  variable,  but  never  less  than  four 
months.  The  parasite  is  chiefly  found  in 
Egypt,  Arabia  and  South  Africa.  The 
exact  method  of  infection  is  unknown.  The  embryos  are  probably 
introduced  with  drinking  water,  though  a  few  authorities  still  maintain 
that  local  infection  along  the  urethra  may  occur  during  bathing. 

The  effects  of  the  parasite  are  to  produce  vesical  and  perineal  pain 
with  dysuria.  Ova  may  be  found  in  the  urine,  wliich  frequently 
contains  blood,  especially  towards  the  end  of  micturition.  The  ova 
may  lead  to  the  formation  of  clots  in  the  bladder,  and  subsequently 
to  the  formation  of  calculi ;  while  in  the  tissues  chronic  inflammation 
may  occur  in  the  neighbourhood  of  both  parasites  and  ova. 


Fig.  139. — Bilharzia  licema- 
tobia,    male    and  female. 
X  10.    (After  Leuckart. ) 


PROTOZOA. 

Amoeba  coli  is  the  name  applied  to  a  minute  parasite  (three  to 
five  times  the  diameter  of  a  red  blood-corpuscle)  occasionally  present 
in  healthy  faeces,  and  frequently  in  those  in  dysentery.  It  also  occurs  in 
the  pus  of  liver-abscesses  in  a  large  proportion  of  cases.  By  appropriate 
staining  of  hardened  sections  the  amoeba,  in  suitable  cases,  can  be 
demonstrated  in  the  tissues  constituting  the  floor  of  the  dysenteric 
ulcer  or  the  walls  of  the  liver-abscess.  In  fresh  faces  and  jius  it  can  be 
detected  with  a  magnifying  power  of  100  to  200  diameters  in  com- 
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pressed  films  examined  on  the  warm  stage.  The  parasites  are 
recognised  as  colourless,  or  very  faintly  green,  actively  amoeboid 
bodies  creeping  about  by  means  of  rounded  pseudopodia.  Should  the 
temperature  of  the  slide  fall  much  below  blood-heat,  amoeboid  move- 
ment ceases  and  the  organism  assumes  a  spherical  form,  but  the 
amoeboid  movement  is  again  resumed  on  warming  up  the  slide  a  second 
time.  In  certain  instances  the  spherical  form  persists  at  all  tempera- 
tures. In  liver-abscess  the  amoeba  is  most  readily  found  in  the  pus 
coming  from  the  dramage-tube  some  days  after  ojseration.  It  is  more 
difficult  to  find,  and  may  not  occur,  in  the  pus  evacuated  at  the  time 
of  operation.  The  explanation  lies  in  the  fact  that  the  habitat  of  the 
amoeba  is  the  granulation-tissue  forming  the  wall  of  the  abscess. 

The  amoeba  consists  of  a  greyish,  slightly  granular  central  portion 
— endosarc — in  which  a  nucleus  and  one  or  more  minute  vacuoles  can 
be  detected,  and  a  peripheral  hyaline  portion  from  which  the  pseudo- 
podia are  mainly  formed — -ectosarc.  In  many  instances  blood-cor- 
puscles, bacteria,  and  debris  of  all  kinds  can  be  seen  included  in  the 
parasite. 

There  is  great  difference  of  opinion  as  to  the  pathological  signifi- 
cance of  the  amoeba.  Some  hold  that  it  is  merely  an  accidental  occur- 
rence, others  that  it  is  the  cause  of  certain  types  of  dysentery — amoeboid 
dysentery — and  of  liver-abscess.  As  yet  the  clinical  and  experimental 
data  do  not  warrant  a  definite  opinion  on  these  points. 

Hsematozoon  Malarise. — Malaria  is  the  name  which  for  many 
years  has  been  employed  to  denote  the  virus  of  a  frequently  fatal 
disease,  occurring  principally  in  tropical  climates,  and  characterised 
by  periodic  attacks  of  fever.  When  these  attacks  recur  daily,  the 
disease  is  known  as  quotidian  ague,  when  on  alternate  days,  as  tertian 
ague ;  when  every  third  day,  as  quartan  ague.  The  periodicity  is  not 
always  so  regular  or  so  simple,  nor  are  the  intervals  so  short,  as  in  these 
examples.  When  the  individual  febrile  recurrences  run  into  each 
other  so  that  there  are  no  apyretic  intervals,  but  only  slight  remissions, 
the  terra  "  remittent  fever  "  is  applied  to  the  attack.  Pathologically, 
the  disease  is  associated  with  great  enlargement  of  the  spleen  and 
marked  pigmentation  of  many  parts — e.g.,  spleen,  liver,  and  bi-ain.  It 
is  the  type  of  an  endemic  disease :  it  is  strictly  limited  to  particular 
localities  ;  that  is  to  say,  it  can  be  acquired  in  these  localities  only, 
although  its  clinical  manifestations  may  develop  elsewhere.  It  is 
never  communicated  directly  from  person  to  pei-son,  except  by  the 
direct  intravenous  inoculation  of  blood  taken  from  an  individual  in 
whose  blood  the  germ  is  present. 

Laveran  first  pointed  out,  that  if  a  careful  examination  be  made  of 
a  drop  of  blood  taken  from  a  malarial  patient  during,  shortly  before, 
or,  in  certain  types  of  the  disease,  some  time  after,  one  of  these  febrile 
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attacks^  certain  characteristic  appearances  will  be  found.  No  staining 
is  necessary  or  indeed  advisable,  but  it  is  essential  that  very  thin  layers 
of  blood  be  obtained,  so  tliat  the  corpuscles  may  be  in  a  single  layer, 
lying  flat,  and  not  forming  rouleaux.  An  oil-immersion  lens  should  be 
used.  It  may  be  necessary  to  spend  an  hour  in  the  search  before  the 
organism  is  discovered,  but  usually  it  can  be  seen  in  every  second 
or  third  field  of  the  microscojie,  and  sometimes  even  five  or  six 
parasites  are  present  in  each  field.  In  this  way  the  observer  will  be 
able  to  demonstrate  the  presence,  especially  in  the  red  corpuscles,  of 
one  or  more  of  the  following  bodies:  (1)  circular  or  ring-shaj)ed 
amoeboid  discs,  pale  and  apparently  structureless,  lying  on  or  in  the 
red  corpuscles,  and  not  unlike  vacuoles  (Fig.  ]40j  2,  3)  ;  (2)  pigmented 
amoeboid  bodies  occupying  from  a  sixth  to  almost  the  whole  of  the 
affected  corpuscle,  which  usually  contains  only  one  such  body  (4,  5) ; 
(3)  Avell-defined  rosette-shaped  or  clustered  bodies,  the  segments 
surrounding  or  radiating  from  a  clump  of  pigment  in  or  about  the 
centre  of  the  figure  (6) — these  may  be  free  in  the  plasma  or  may  be 
encircled  by  the  remnant  of  a  red  corpuscle  ;  (-i)  pigmented  crescentic 
bodies  (6  a) ;  (5)  flagellated  organisms  and  free  flagella  (5  d,  e,  J'; 
6  e,f);  (6)  leucocytes  containing  black  pigment;  (7)  all,  any,  or  frag- 
ments of  the  above  which  have  escaped  or  have  been  expressed  from 
the  corpuscles. 

The  appearances  will  be  better  understood  by  reference  to  the 
accompanying  drawings.  The  horizontal  series  is  arranged  according 
to  the  views  first  formulated  by  Golgi,  and  now  held  by  Manson  and 
others,  concerning  their  life-history  in  the  blood ;  though  it  must  be 
remembered  that,  as  development  does  not  jjrogress  when  the  bodies 
are  removed  from  the  circulation,  the  complete  cycle  cannot  be  actually 
observed.  The  two  parallel  vertical  series  represent  observed  changes, 
believed  to  be  possible  developments  of  the  pigmented  amoeboid 
bodies  (5).  As  these  only  occur  after  the  parasite  has  been  removed 
from  the  circulation,  they  are  considered  by  Manson  to  form  a 
provision  for  carrying  on  the  life  of  the  malarial  organism  outside 
the  human  body,  and  during  its  passage  from  one  human  being  to 
another. 

1  represents  the  most  minute  forms  which  are  fomid  free  in  the 
plasma;  2  and  3  are  believed  to  show  that  these  minute  bodies 
become  attached  to,  and  peneti'ate,  the  corpuscles ;  4  and  5  show 
the  growth  of  the  intra-corpuscular  discs  and  the  development  and 
distribution  of  the  pigment.  During  these  stages,  amoeboid  movements 
may  be  easily  observed  in  the  parasite,  as  well  as  distinct,  extensive, 
and  sometimes  rajiid  motion  among  the  pigment  particles,  manifestly 
not  of  the  nature  of  "  Brownian  "  movement.  The  pigment  is  believed 
to  be  an  excrementitious  product — the  unused  remains  of  the  hsemo- 
globin  digested  by  the  parasite.    The  next  two  figures  represent  the 


ANIMAL  PARASITES 


249 


organism,  almost  completely  filling  the  corpuscle  (6,  quartan  ;  7, 
tertian).  The  pigment  is  now  aggregated  in  the  centre,  and  indications 
of  segmentation  are  discernible,  ibrming  a  more  or  less  perfect  rosette. 
The  remains  of  the  corpuscle  now  fall  away,  and,  the  parasite  becoming 
free  in  the  Hquor  sanguinis,  the  segments  quickly  separate.  These 
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Fig.  140. — Parasites  from  the  Blood  of  Patients  stifferiiig  pom  Malaria. 
An  explanation  of  the  above  figures,  which  have  been  taken  from 
various  sources,  is  embodied  in  the  te.xt. 


segments  or  spores  are  then  supposed  to  form  the  minute  circular 
bodies  first  mentioned,  and,  if  they  escape  the  phagocytes,  to  seek 
inclusion  in  red  corpuscles  as  before  described. 

In  the  fir.st  of  the  two  vertical  columns  are  represented  different 
stages  that  have  been  observed,  showing  that,  under  some  circum- 
stances, certain  of  the  parasites  have  the  power  of  leaving  the 
cor{)uscle  and  of  developing  into  a  flagellated  organism.    The  flagella 
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appear  quite  suddenly,  as  if  they  had  developed  beneath  a  capsule, 
which,  giving  way,  allows  them  to  spruig  out  and  obtiiiu  room  to  act. 
These  flageUa  lash  the  surrounding  fluid  and  cause  much  commotion ; 
they  then  become  detached,  swim  about  for  a  time,  and  slowly  dis- 
appear. They  exhibit  two  kinds  of  movement,  the  one  slower  and 
undulating,  the  other  quick  and  quivering,  as  of  a  stiffened  rod. 

In  the  parallel  column,  another  sequence  of  changes  from  the  same 
body  (5)  is  shown.  The  crescentic  bodies,  whose  origin  and  j)eculiar 
form  have  not  yet  been  satisfactorily  explained,  on  being  removed 
from  the  circulation  first  become  reniform,  then  oval,  and  finally 
spherical.  The  pigment  then  becomes  diffused,  all  trace  of  the 
enclosing  corpuscle  disappears,  and  a  flagellated  organism  is  formed  as 
in  the  previous  case.  The  crescents  and  their  progeny  are  the  most 
persistent  of  all,  and  resist  the  attack  both  of  phagocytes  and  of 
quinine.  Flagellated  organisms  are  never  found  until  the  blood  has 
been  withdrawn  for  about  a  quarter  of  an  hour.  They  are  therefore 
supposed  not  to  exist  as  such  in  the  body  at  all,  but  to  form  stages  in 
the  life-history  of  the  parasites  outside  the  body.  Manson  drew  a 
parallel  between  the  conditions  and  requirements  of  the  malarial 
parasite  in  the  circulating  blood  and  those  of  the  Filaria  sanguinis 
hominis,  and  argued  that,  as  the  parasite  does  not  escape  ^vlth  any  of 
the  secretions,  it  can  only  be  removed  by  some  suctorial  insect,  such 
as  the  mosquito,  just  as  in  the  case  of  the  filaria.  This  view  has  since 
been  fully  confirmed.  In  India,  Ross  fed  certain  species  of  mosquito 
on  bu"ds  in  whose  blood  an  analogous  parasite  was  present,  and,  on 
subsequently  causing  these  mosquitoes  to  bite  healthy  birds,  found  that 
the  latter  became  similarly  infected.  More  recently  Bignami  and 
Grassi  have  obtained  similar  results  with  human  malaria,  while  Ross 
has,  most  recently  of  all,  captured  mosquitoes  already  infected. 

There  can  be  no  reasonable  doubt  that  the  bodies  described  are 
phases  in  the  life-history  of  a  protozoal  parasite ;  hence  it  is  kno^^^l  as 
the  "  haematozoon  malariEe,"  sometimes  as  the  "plasmodium  malariae." 
The  parasite  is  invariably  present  in  the  blood  during  the  paroxysm  of 
malarial  fevers  ;  it  is  never  found  in  persons  not  suffering  from  malaria ; 
blood  containing  it  can  alone  transmit  the  disease  ;  and  the  disease  can 
be  conveyed  from  person  to  person  through  the  agency  of  the  mosquito. 
The  proof  that  the  parasite  is  the  cause  of  the  disease  is  therefore 
almost  conclusive. 

The  administration  of  quinine  is  followed  by  the  disappearance  of 
the  intra-corpuscular  parasites ;  the  crescentic  bodies  aie  the  last  to 
go.  Leucocytes  have  been  seen  to  approach  and  touch  corpuscles 
containing  the  parasite,  though  they  never  enclose  any  but  the  extra- 
corpuscular  forms. 

The  commencement  of  the  fever-paroxysm  coincides  with  the 
breaking  up  of  the  rosette-body.    In  different  forms  of  malarial  fever 
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the  duration  of  the  life  of  each  generation  of  parasites  corresponds 
with  the  cycle  of  the  fever ;  thus  it  is  forty-eight  hours  in  tei'tian, 
seventy-two  hours  in  quai'tan,  and  in  quotidian  there  is  a  double 
infection  of  two  or  more  generations  of  parasites. 

The  severer  types  of  malai'ia,  found  in  warm  countries,  are  generally 
associated  with  the  formation  of  the  crescentic  bodies,  while  the  early 
stage  of  the  parasite  assumes  a  ring-shape  ;  in  these,  the  rosette-body 
is  rarely  found  in  finger-blood,  but  may  be  present  in  that  withdrawn 
from  the  capillaries  of  the  spleen,  brain,  and  other  organs  during  life 
or  after  death. 

The  malaria  of  more  temperate  latitudes  is  never  associated  with 
the  formation  of  crescents,  the  flagellated  body  being  formed  directly 
from  intra-corpuscular  discs  which  escape  from  the  red  corpuscles.  In 
the  severer  and  more  malignant  types  of  malarial  fever,  many  of  the 
affected  corpuscles  appear  to  necrose,  shrivel,  and  deepen  in  colour : 
these  constitute  the  "  brassy  bodies  "  of  the  Italian  writers.  In  such 
fevers  small  ring-shaped  parasites,  crescents,  "  brassy  bodies,' '  and 
pigmented  leucocytes  may  be  the  only  abnormal  appearances  in  finger- 
blood,  the  large  quantity  of  pigment  in  the  leucocytes  indicating  the 
extensive  formation  of  rosette-bodies  in  the  viscera. 

VEGETABLE  PARASITES. 

Fermentation  and  Infective  Disease. — It  has  long  been 
thought  that  the  group  of  acute  specific  diseases  must  have  a  special 
cause.  The  characteristics  of  this  group  are  :  (1)  that  they  occur  in 
epidemics;  (2)  that  they  are  obviously  contagious  and  infectious; 
(3)  that  each  member  is  absolutely  distinct  from  its  fellows,  and  runs 
a  typical  course  ;  and  (4) — the  most  important  distinction  of  all — that 
the  poison  which  gives  rise  to  each  of  them  multiplies  in  a  marvellous 
manner.  Thus  the  inti'oduction  into  a  community  of  a  single  case  of 
one  of  these  diseases  may  be  followed  by  the  death  of  thousands  from 
the  same  disease.  For  a  long  time  nothing  could  be  discovered  to 
account  for  the  appearance  of  these  diseases,  though  they  were 
obviously  produced  by  something  which  multiplied  in  the  patient, 
which  clung  about  his  qlothing,  and  which  could  be  carried  through 
the  air  for  considerable  distances.  This  ''something"  was,  and  still  is, 
called  the  "  ca?itagion"  of  the  disease.  It  was  at  the  outset  recogjiised 
that  no  gas  could  be  a  sufficient  cause,  for  diffusion  would  soon  put  an 
end  to  its  power  for  mischief.  A  fluid  was  still  more  out  of  the 
question.  Contagion  was,  therefore,  necessarily  regarded  as  a  solid  in  a 
state  of  very  fine  division — parliculale.  This  view  was  confirmed  by 
the  discovery  that  it  could  be  removed  from  fluids,  both  by  subsidence 
(vaccine,  Chauveau)  and  by  filtration  through  porcelain — the  poison 
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not  passing  throtigli  the  filter.  These  faets,  taken  with  its  power  of 
niiiltiplieation,  seemed  to  sliow  that  the  eontagion  was  some  living 
organism,  hence  the  origin  of  the  conlagiinn  vivim  or  gcrm-theortj  oi' 
disease.  In  181.0,  Henle  clearly  formulated  the  doctrine  that  living 
organisms,  probably  of  a  vegetable  nature,  were  the  causes  of  the  acute 
specifics,  and  supported  the  view  by  arguments  which  have  withstood 
all  endeavours  to  i-efute  them. 

Long  before  1 840,  however,  it  had  been  noticed  that  a  close  parallel 
might  be  drawn  between  an  infective  disease  and  a  fermentation.  It 
may  be  presented  thus  : — 

Infection  Vddition  of  ferment. 

Incubation  /  Period  during  which  nothing  is 

\  noticed. 

Fever,  outbreak,  and  course  of  j  Rise  of  temperature,  and  active 

disease  I  fermentation. 

Decline  of  disease       .       .       .       Gradual  cessation. 

Period  of  protection  from  same   i  Addition  of  more  ferment  has  no 

disease  1  effect. 

It  may  be  further  noted  that,  except  in  cases  in  which  yeast  wa.s 
added  to  the  saccharine  liquid,  the  source  of  the  ferment  in  cases  of 
alcoholic  fermentation  (accidental)  was  as  mysterious  as  was  the  source 
of  the  poison  which  gave  rise  to  an  epidemic  of  whooping-cough. 

Many  kinds  of  fermentation  were  speedily  recognised — lactic, 
butyric,  viscous,  &c. ;  and  the  close  relationship  of  putrefaction  to 
these  processes  was  soon  acknowledged.  In  each  of  these,  organisms 
were  found,  and  the  proof  of  their  causal  relationship  to  the  processes 
was  gradually  established,  owing  principally  to  the  investigations  of 
Pasteur. 

The  Germ-Theory  of  fermentation  is  now  universally  adopted. 
According  to  th's  view,  the  Saccharomyces  cerevisicB  (yeast  plant)  is 
the  cause  of  the  alcoholic  fermentation.  The  yeast-cells  do  not  act 
directly  on  the  sugar,  but  only  through  the  medium  of  a  substance 
produced  by  them,  which  does  not  itself  undergo  any  change.  This 
substance  is  known  as  an  unformed  ferment,  and  leads  to  the  decomposi- 
tion of  the  sugar  and  the  formation  of  alcohol,  carbon  dioxide,  glycerme 
and  succinic  acid.  In  the  same  way,  according  to  Sidney  Martin,  the 
diphtheria-bacillus,  resident  in  the  false  membrane,  gives  rise  to  a 
ferment  which,  circulating  in  the  blood,  produces — mainly  in  the 
spleen — the  toxic  albumoses  to  which  many  of  the  phenomena  of 
diphtheria  are  attributed. 

If  this  analogy  between  infective  diseases  and  fermentation  M  ere 
strictly  true,  we  miglit  at  once  infer  that  these  diseases  were  caused 
by  the  growth  and  life-action  of  vegetable  organisms  in  the  tissues  of 
the  body,  especially  as  many  low  forms  of  vegetable  life  have  been 
found  associated  with  such  diseases.     But  the  conclusion  cannot  be 
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accepted  on  the  evidence  of  so  superficial  a  resemblance.  The  same 
stringent  proofs  must  be  afforded  in  the  case  of  each  disease  as  were 
demanded  in  the  case  of  each  fermentation.  How  far  tliese  proofs 
are  forthcoming  will  be  shown  in  the  concluding  part  of  the  present 
chapter. 

The  vegetable  organisms,  which  have  been  found  connected  with 
the  diseases  of  man  (pathogenic)  are  all  Thallopliytes,  or  plants  in 
which  no  distinction  between  stem  and  leaf  exists  ;  and,  as  they  are 
all  destitute  of  chlorophyll,  they  belong  to  the  class  of  Fungi.  The 
parasitic  fungi  are  of  three  kinds — Bacteria  or  Schizo-imjceles, 
Yeasts  or  Blaslo-myceles,  and  Moulds  or  Hij-pho-mijcetes.  The 
bacteria  include  the  causes  of  putrefaction  and  several  of  the  "  fer- 
mentations," as  well  as  most  of  the  organisms  which  are  believed  to 
produce  the  infective  diseases.  They  are,  therefore,  by  far  the  most 
important  group. 


I.  BACTERIA  OR  SCHIZO-MYCETES. 


MORPHOLOGY  AND  LIFE-HISTORY  The  Schizo 

mycetes  or  Fission-fungi  are,  with  very  few  exceptions,  a-chlorophjdlous, 
non-nucleated,  uni-cellular  oi-ganisms.  Many  of  them  approach  the 
limits  of  microscopic  visibility,  whilst  all  are  very  minute,  the  smallest 
diameter  of  a  pathogenic  bacterium  rarely  exceeding  1  fx  in  ). 

Form. — In  form  they  may  be  said  to  follow,  more  or  less  closely, 
one  of  three  types — the  sphere,  the  rod,  and  the  comma.    The  spherical 
bacteria  comprise  those  of  any  shape  between  a  sphere  and  a  cube.  The 
rod-shaped  bacteria  may  be  short  and  thick  with  rounded  ends,  so  as 
closely  to  approach  an  oval ;  or  they  may  be 
long  and  thin  with  square  ends  ;  or  they  may 
exhibit  any  possible  combination  of  these  fea-  ^^^T^ 
tures.    The  commas  in  some  cases  are  long  and         V  \ 
thin,  in  others  short  and  thick  :  they  differ  also  o> 
in  their  degree  of  curvature.    Spiral  and  dumb-  ^  iV 

hell  forms  are  less  common.    Among  the  higher 

bacteria   more    complex  forms  obtain.     Long  Blue  Milk" 

1  \  i     £1  ^  f      Bacilli— %xa\ned  b)' 

septate   and  non-septate  filaments   are  found.     Loeffler's  method  toshow 

These  may  undergo  false  branching   or   true     flagella.    x  1000. 
branching  (p.  283) 

Stnictcire.  —  Bacteria  appear  structureless.  1  hey  consist  of  a 
peculiar  form  of  protoplasm,  known  as  mycoprolein,  the  composition 
of  which  varies  in  different  species.  It  is  probable,  from  their 
great  resistance  to  alkalies  and  dilute  acids,  that  bacteria  possess  a  cell- 
membrane  formed  of  some  carbo-hydrate  allied  to  cellulose.  During 
the  formation  of  spores,  and  after  the  action  of  tincture  of  iodine, 
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which  stains  and  causes  slirinking  of  the  jirotoplasm,  a  fine  mem- 
brane may  be  actually  seen.  It  is  very  elastic,  and  seems  to  form 
the  inner  layer  of  a  gelatinous  envelope,  by  more  or  less  of  which  all 
bacteria  are  surrounded. 

Colour. — Bacteria  refi-act  light  strongly,  and  cause  turbidity  of 
any  culture-fluid  in  which  considerable  numbers  are  present.  Apart 
from  artificial  staining,  a  mass  of  organisms  is  usually  colourless — i.e., 
white  or  greyish.  Some  bacteria  are  brightly  coloured,  red,  blue, 
yellow,  &c.,  the  tint  being  mainly  in  the  envelope.  Bacteria  are 
stained  with  more  or  less  facility  by  several  aniline  dyes,  and  many 
of  them  may  be  identified  by  their  special  staining  reactions.  The 
substance  of  the  bacterium  does  not  always  take  the  stain  uniformly 


throughout.  This  irregularity  depends  on  spore-formation,  on  degener- 
ative changes,  or  on  the  results  of  osmosis.  It  generally  indicates  that 
the  organisms  have  been  reared  under  unfavourable  conditions.  Some 
forms  are  stained  brown  by  iron  salts  in  water.  The  starch  reaction 
with  iodine  is  not  rare. 

Movement. — Some  rod-forms  are  motile — e.g.,  B.  typhosm,  B. 
telani :  some  never  move — e.g.,  B.  anthracis,  B.  htberculosis.  In  most 
motile  bacteria,  when  specially  stained,  one  or  more  cilia-like  filaments 
or  Jlagella  have  been  found.  These  seem  to  be  connected  not  with 
the  cell-membrane  but  with  the  protoplasm.  In  some  organisms  one 
or  more  flagella  are  found  at  one  end  only  ;  in  others,  as  in  the  cholera- 
spirillum,  they  may  grow  from  both  ends  (Fig.  141);  and  in  a  few, 
among  them  the  typhoid-bacillus,  they  are  vei-y  fine  and  are  attached 
all  round  (Fig.  142).  By  means  of  these  flagella,  movement  is  probably 
effected.  No  motionless  bacterium  is  jirovided  with  flagella,  though  on 
a  few  motile  fonns  none  have  yet  been  found.  Certain  algae,  larger  and 


Fig.  142.  —  Typhoid  Bacilli — stained  by  Van  Ermengem's  method  to 
show  flagella. 
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higher  in  the  scale  than  bacteria,  move  in  a  similar  manner,  but  have 
no  cilia.  In  these  cases  the  movement  may  be  clue  to  contractions  in 
the  protoplasm. 

Some  bacteria  have  a  motile  stage  and  a  motionless  stage.  In 
these  cases  motility  can  often  be  induced  by  varying  the  medium  and 
the  temperature.  In  some,  motility  occurs  just  before  division;  in 
others,  shortly  afterwards. 

Living  bacteria  are  subject  to  attraction  by  certain  substances 
{chemotaxis,  p.  l65).     Thus  typhoid-bacilli  are  attracted  by  potato- 


VlG.  143.  —  Diagram,  to  show  Methods  of  Reproduction  by  Fission. 

a.  Fission  in  one  direction— the  segments  lengthening  as  they  divide. 

b.  Fission  in  two  directions — ^each  segment  subsequently  divides  in  the 

same  direction  as  in  a. 

c.  Fission  in  three  directions — in  one  direction  division  takes  place  in 

two  parallel  planes. 

d.  Fission  in  three  directions. 

juice.  A  good  supply  of  oxygen  seems  to  be  necessary  for  the  active 
motion  of  some  forms. 

Reproduction  by  Fission. — All  bacteria  multiply  by  trans- 
verse division.  In  the  rod- forms  this  occurs  in  a  direction  at  right  angles 
to  the  long  axis.  In  the  spherical  forms  it  may  take  place  in  two  or 
in  three  directions,  at  right  angles  to  each  other.  Thus,  one  cell  may 
divide  by  a  single  act  of  reproduction  into  two,  four,  or  eight  equal 
segments.  If  division  occur  in  two  or  more  parallel  planes  before  the 
separation  of  the  segments  takes  place,  the  number  of  these  will  be 
largely  and  proportionately  increased  (Fig.  143,  c).  A  cell,  which  divides 
in  a  single  plane,  elongates  as  it  divides,  so  that  the  progeny  retain  the 
proportions  of  the  original  parent-cell. 

The  first  sign  of  division  is  the  appearance  of  a  fine  transverse 
colourless  line  crossing  the  cell,  continuous  at  its  ends  with  the  cell- 
membrane,  and  often  at  first  imperceptible  until  stained  with  iodine 
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—a  i)()int  to  be  remembered  in  estimating  the  length  of  ai)i)arentlv 
single  cells.  ^ 

The  new  cells  formed  by  fission  may  at  once  separate  from  the 
parent,  or  they  may  for  a  time  remain  united  to  each  other,  end 
to  end.  In  this  way  pairs  or  chains  of  cocci  and  long  filaments  of 
rods  are  formed.  A  mass  of  organisms  lying  side  by  side  in  more  or  less 
spherical  colonies,  and  bound  together  by  a  viscid  substance,  formed 
of  swollen  cell-membrane  or  of  mycoprotein,  is  known  as  a  zooglcca* 
ZoogloesE  often  combine  to  form  constant  characteristic  appearances 
by  which  the  organism  may  be  recognised,  even  by  the  naked  eye 
(Fig.  144.).  Large  aggregations  of  bacteria  are  always  slimy  owing  to 
the  zoogluiaj.  The  «  frog-spawn  "  coccus  {Leuconosioc)  may  fill  whole 
vats  in  sugar-factories,  Crenothrix  Kuhnimia  and  Cladollmx  dichotoma 


Fig.  144. — Colo?ties  of  Bacteria.  In  this  figure  the  enormous  difference 
that  may  exist  between  the  grouping  of  one  mass  of  organisms  and 
that  of  others  is  shown.    (After  Sternberg. ) 

may  block  water-pipes  and  cover  reservoirs  to  a  depth  of  several  feet, 
and  a  species  of  Beggiatoa  covers  a  lai-ge  area  at  the  bottom  of  the 
Bay  of  Kiel,  called  the  "  dead  "  ground  because  fish  avoid  it :  these  few 
examples  show  how  extensive  may  be  the  development  of  zooglceae. 

The  time  occupied  in  division  vai'ies  in  different  species  from  ten 
to  thirty  minutes ;  and,  as  the  offspring  proceed  at  once  to  divide  like 


Cocci  and  micro-cocci 
Diplococci 
Streptococci  . 
Staphylococci 
Tetrads  . 
Sarcinas 
Microbacterium 
Desmobacteriuni 
Bacillus  . 

Spirillum  and  vibrii 
.Spirochaeta  . 
Leptothri.v 
Zoogloea 
Clostridium  . 
Spirobacteriuni 


Spherical  or  nearly  spherical. 
Cocci  in  pairs. 
Cocci  in  chains. 

Cocci  in  groups  like  bunches  of  grapes. 

Group  of  four  cocci  produced  by  imperfect  cleavage. 

Group  of  eight  or  more  cocci,  similarly  produced. 

Length  not  more  than  twice  breadth. 

Length  more  than  twice  breadth. 

Straight  desmobacteriuni. 

Curved  desmobacteria. 

Flexible,  corkscrew,  desmobacteriuni. 

Long  unjointed  thread. 

Group  of  .agglutinated  bacteria  of  any  form. 

Bacillus  with  transverse  projection. 

Curved  bacterium. 
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their  parents,  a  single  bacterium  may,  in  tw6nty-four  hours,  give  rise 
to  more  than  l6,0()0,0()(). 

Reproduction  by  Spores. — Another  method  of  propagation, 
or.  more  correctly,  state  of  existence  (^resting  stage),  is  met  with  among 
the  fission-fungi — namely,  the  formation  of  spores.  Spore-bearing 
organisms  have  been  divided  into  two  groups — eiidos porous  and  arthro- 
sporous. 

(1)  The  endosporous  group  consists  of  certain  long  rod-forms 
(bacilli)  and  some  spiral  forms.  The  spore  first  apjjears  as  a  minute 
point  in  the  cell,  enlarging  rapidly,  and  often  attaining  maturity  in 
a  few  hours.    It  is  then  a  clear,  round  or  oval, 

highly  i-efracting  body,  which  has  evidently  grown  ^^ai 

at  the  expense  of  the  cell-contents :  the  latter 

gradually  disappear  (Fig.  145).    A  spore  consists  of         /f*  ^ 

protoplasm  and  fat  enclosed  in  a  firm  capsule.    Il  U 

is  quite  exceptional  to  find  more  than  one  spore  in        S  § 

a  single  segment.    Spoi'es  have  often  a  very  close    ^  Q 

resemblance  to  vacuoles.    They  are  extremely  resis-       z  0  ^ 

tant  to  unfavourable  surroundings, owing, apparently,      n     ^  H 

to  the  qualities  of  their  fine  limiting  membrane.      ^       ^  ^ 

This  characteristic,  and    certain  special    staining      ^  « «, 

affinities,  together  form  the  most  distinctive  features      «  ^  m 

of  this  stage.     Spore-formation  only  takes  place 

under  special  conditions,  which  are  generally  not  those  Fig.  145.  —  Bacillus 

altogether  favourable  to  growth  and  multiplication.      "'orTfOTmation '"in 

But  it  can  hardly  be  regarded  as  evidence  of  lowered      bacnH™nd  free 

vitality,  for  spore-formation  in  anthrax  bacilli  can      spores,    x  1000. 

be  an-ested  by  reducing  the  temperature  of  the 

organisms  below  20°  C.  or  by  introducing  certain  modifications  into  the 

culture-media.    Fission  and  spore-formation  may  go  on  together. 

If  after  long  periods  of  quiescence  spores  ai'e  placed  in  favourable 
conditions,  germination  takes  plac?  :  their  capsule  bui'sts  and  is  shed, 
they  lose  their  fine  dark  outline,  and  the  new  adult  {vegetative)  cell 
grows  out — usually  in  the  direction  of  the  long  axis  of  the  spore. 

(2)  In  the  arthrosporous  group  no  spores  are  found  within  the  cells, 
but  certain  cells,  during  the  process  of  division  by  fission,  exhibit  un- 
usual powers  of  resistance,  and  are,  therefore,  regarded  as  spores. 
Sometimes  these  arthrospores  are  larger  than  the  rest  of  the  cells:  in 
other  instances  no  difference  in  appearance  can  be  made  out. 

As  an  example  of  the  first  variety,  the  frog- spawn  coccus  may  be 
chosen.  It  consi.sts  of  chains  of  cells  agglutinated  into  zoogloeaj,  and 
the  zoogloea-forms  are  blended  together  into  irregular  masses  as  large 
as,  or  larger  than,  a  hazel-nut.  Here  and  there  a  cell  in  the  chain 
becomes  larger  than  its  fellows,  all  of  which  die.  The  large  cell,  if 
transplanted,  germinates. 
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Some  authorities  hold  that  all  micrococci  and  microbacteria  are 
examjjles  of  the  second  variety.  No  distinction  can,  however,  be  drawn 
between  the  early  and  late  stages  of  cocci,  and  it  is  better,  therefore, 
not  to  include  spherical  forms  among  spore-bearing  organisms. 

Many  bacteria  are  vio/iomorp/iic— that  is,  each  individual  organism, 
from  the  beginning  of  its  existence  to  the  end,  preserves  the  same 
form.  Slight  inequality  in  the  size  and  form  of  the  cell  is  the  only 
variation  that  such  organisms  jiresent.  Others  are  more  or  less  pko- 
morpluc—i.e.,  in  their  life-history,  spores,  rod.s,  filaments,  and  zooglcea; 
can  be  traced,  co-existent,  or  succeeding  each  other. 

CONDITIONS  OF  LIFE  AND  GROWTH.— There  is 
often  a  marked  contrast  between  the  conditions  essential  to  the  mere 
existence  of  an  organism  and  those  which  are  necessary  for  its  rapid 
growth. 

Food. — Each  variety  of  fungus  seems  to  differ  somewhat  from  all 
others  in  its  food-requirements,  though  all  must  be  supplied  with  the 
materials  whence  they  can  obtain  the  elements  of  which  they  uniformly 
consist.    These  are  carbon,  hydrogen,  nitrogen,  phosphorus,  sulphur, 
calcium,  magnesium,  and  potassium.    The  first  four  are  generally  pro- 
vided by  carbohydi-ates  and  proteids,  the  rest  by  inorganic  salts  present 
in  animal  and  vegetable  tissues.    In  general  terms,  bacteria  thrive  on 
the  complex  substances  present  in  dead  and  dying  organic  tissues,  con- 
verting them  into  simpler  compounds.    Certain  bacteria,  however, 
can  assimilate  nitrogen  and  carbon  fi'om  much  less  complex  substances 
than  albumin  and  carbohydrates  when  these  are  not  available.  This 
is  shown  by  the  growth  of  putrefactive  organisms  in  Cohn's  fluid 
(phosphate  of  potassium,  -5  ;  sulphate  of  magnesium,  1  ;  phosphate  of 
calcium,  '05  ;  tai'trate  of  ammonium,  1  ;  water,  100).    For  the  growth 
of  others,  however,  the  more  complex  bodies  are  essei^tial.  Thus, 
beer-yeast  will  not  grow  unless  glucose,  or  some  body  convertible  into 
it,  is  present.    It  is  j^ossible  that  such  a  medium  and  such  conditions 
could  be  discovered  or  constructed  for  each  fungus,  that  it  alone  would 
grow  in  them.    Raulin  worked  out  the  composition  of  such  a  fluid  for 
a  mould  (^Aspergillus  niger),  and  proved  the  value  of  each  constituent 
by  estimating  the  diminution  in  the  weight  of  the  plant  yielded  by  a 
certain  quantity  of  the  culture-fluid  from  which  the  special  constituent 
under  investigation  had  been  withdrawn.    Very  slight  differences  in 
the  composition  of  the  food-material  may  favour  the  growth  of  one 
organism  more  than  of  another.    Niigeli  found  that  in  a  neutral  fluid 
containing  sugar,  in  which  were  moulds,  yeasts  and  bacteria,  only  the  last 
flourished — causing  lactic  acid  fermentation  ;  but  the  addition  of  liaJf 
per  cent,  of  tartaric  acid  brought  the  yeasts  to  the  fore,  with  the  forma- 
tion of  alcohol ;  while  the  addition  of  four  lo  Jive  per  cent,  of  the  same 
acid  caused  the  moulds  to  develop.    The  reaction  of  the  fluid  has  a 
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marked  influence  in  this  respect.  As  ;i  rule  acidity  is  unfavourable  to 
the  development  of  bacteria^  alkalinity  favourable — the  reverse  usually 
holding  for  yeasts  and  moulds.  Very  slight  difterences  may  suffice  to 
prevent  the  growth  of  a  bacterium ;  for  example,  Koch  was  unable  to 
produce  any  disease  in  ^field-mice  with  an  organism  which  always  pro- 
duced fatal  septicaemia  in  house-mice.  Some  similar  difference  would 
seem  to  exist  between  two  men  exposed  to  the  poison  of  an  infective 
disease^  one  of  whom  catches  it,  whilst  the  other  does  not.  A  ver}^ 
slight,  practically  imperceptible,  change  in  the  metabolism  of  the  body 
or  of  a  part  may  enable  organisms  to  flourish  there,  even  though  they 
wei-e  quite  unable  to  do  so  a  shoi-t  time  before. 

Environment. — Many  chemical  substances  are  inimical  not 
only  to  the  growth  but  also  to  the  very  existence  of  organisms.  It 
has  been  suggested  that  the  term  "antiseptic '"  should  be  reserved  for 
those  substances  which  prevent  their  growth  but  which  do  not  cause 
their  destruction  ;  while  those  which  acliial/i/  kill  the  germs  should  be 
called  "germicides."  But  the  distinction  is  not  an  absolute  one.  The 
diff"erence  in  many  cases  depends  on  the  degree  of  concentration. 
Thus  most  germicides  can  be  so  diluted  that  they  act  only  as  "  anti- 
septics," though  the  converse  is  not  equally  true. 

Mercuric  chloride  is,  on  the  whole,  the  most  powerful  chemical 
germicide  known.  A  solution  of  1  :  1000  will  kill  any  spores  in  half  an 
hour.  Its  power  is  increased  by  the  addition  of  five  times  as  much 
salt  or  of  hydrochloric  acid,  while  it  is  seriously  diminished  by  the 
presence  of  an  albuminous  fluid,  and  absolutely  desti'oyed  by  the 
addition  of  alkalies,  and,  therefore,  of  soap. 

A  1 : 20  watery  solution  of  carbolic  acid  rapidly  destroys  fully 
developed  bacteria,  but  takes  a  few  days  to  kill  the  more  resistant 
spores.  The  addition  of  hydrochloric  acid  (half  as  much)  increases  its 
germicidal  value.  On  the  other  hand,  anthrax-spores  have  survived 
for  three  months  a  1 : 20  solution  of  carbolic  acid  in  oil.  Typhoid- 
bacilli  have  an  unexplained  tolerance  for  carbolic  acid.  Sahcylic  acid, 
boric  acid,  sulphur  dioxide,  chlorine,  bromine,  iodine,  and  a  multitude 
of  other  substances  have  a  weaker  germicidal  action. 

It  will  be  readily  understood  that  the  germicidal  power  of  any 
substance  must  to  some  extent  depend — (1)  on  the  natui'e  of  the 
organism  ;  (2)  on  the  vitality  of  the  particular  specimen  in  question  ; 
(.S)  on  any  physical  conditions  that  may  interfere  with  immediate  con- 
tact ;  and  (4)  on  the  presence  of  any  neutralising  or  incompatible  sub- 
stances. It  must  be  remembered,  too,  that  the  rapidity  and  extent  of 
the  eff'ect  produced  on  organisms  separated  by  cultivation  from  all  the 
constituents  of  the  exudations  and  secretions  in  which  they  are 
commonly  found,  as  well  as  from  other  organisms  that  may  usually  co- 
exist, is  no  raac<  measure  of  the  effects  that  will  be  i^roduced  when  wounds, 
cavities,  surfaces  of  the  body,  or  excreta  are  concerned.    Neither  must 
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it  be  forgotten  tliat  tlie  very  substances  whicli  are  most  eHicacioiis  in 
destroying  organisms  are  generally  tliose  whicli  interfere  most  readily 
with  the  nutrition  of  the  tissue-cells. 

"Water. — Nothing  that  is  really  dry  ferments.  The  presence  of 
•wme  water  is  essential  to  the  development  of  all  fungi,  for  it  acts  as 
the  medium  for  conveying  oxygen  and  food-substances  into  the  cell. 
It  is  easy  to  add  too  much  or  too  little  for  a  given  species.  The 
moulds  require  less  than  the  yeasts,  and  these,  again,  less  than 
bacteria.  Upon  jam,  dried  by  addition  of  sugar,  moulds  often  grow  ; 
if  less  sugar  be  added,  or  more  water  left  in  the  fruit,  alcoliolic  fermen- 
tation is  common  ;  whilst,  if  the  proportion  of  water  be  still  greater, 
])utrefaction  may  occur. 

Desiccation  desti'oys  some  mature  bacteria  within  a  few  days  or 
hours,  while  others  resist  drying  for  months,  and  spores  of  the  endo- 
sporous  groups  do  so  for  years — it  is  impossible  to  say  how  long.  Thus, 
dried  cholera-spirilla  die  in  three  hours,  whilst  dried  typhoid-bacilli 
survive  nearly  as  many  months,  and  diphtheria-bacilli  longer  still. 

Oxygen. — Pasteur  has  divided  fungi  into  two  varieties — aerobic 
and  anaerobic.  The  presence  of  oxygen  is  essential  to  the  members  of 
the  first  group,  while  it  is  fatal  to  those  of  the  second.  Aspergillun 
niger,  B.  suhtilis,  and  Mi/codenna  aceti  are  examples  of  the  first 
group  (pbligutorij  aerobes) ;  the  bacilli  of  tetanus  and  of  malignant 
cfidema  belong  to  the  second  (obligatonj  anaerobes).  By  far  the  larger 
number  of  pathogenic  organisms  are  able  to  live  either  with  or  without 
oxygen  —  at  least  for  a  considerable  time.  An  organism  which  thrives 
best  in  the  presence  of  oxygen,  but  which  can  grow  in  its  absence,  is 
said  to  be  "aerobic  and  capably  anaerobic  "  (^facultative  anaerobes);  and 
vice  versa.  The  first  of  these  groups  is  the  most  important,  and  includes 
the  bacilli  of  anthrax,  tuberculosis,  typhoid  fever,  and  diphtheria. 

Oxygen  under  pressure  may  prevent  the  growth  of,  and,  after 
months,  kill,  even  aerobic  organisms.  Their  spores,  also,  according  to 
Duclaux,  retain  their  power  of  germinating  much  longer  if  oxygen  is 
excluded ;  if  true,  this  may  partly  explain  the  action  of  air  as  a  dis- 
infectant. 

Temperature. — Each  organism  flourishes  best  at  a  particular 
temperature.  All  will  grow,  but  less  actively,  at  temperatures  some- 
what above  or  below  this  point.  Now  no  organism  can  become  para- 
sitic unless  the  temperature  at  which  it  grows  corresponds  to  that  of 
some  part  of  the  body  to  which  it  finds  access.  Hence  it  happens  that 
all  jMthogenic  bacteria  grow  readilt/  at  about  the  teinperature  of  the  human 
body.  In  some  cases  the  range  within  which  growth  is  possible  is  verj' 
limited.  Thus  the  tubercle-bacillus  only  thrives  at  a  temperature  of 
()()"  F.  (37°  C),  while  its  growth  is  absolutely  confined  within  a  range 
of  from  82°  F.  to  108°  F.  From  this  it  may  be  inferred  that  this 
bacillus  is  less  likely  to  exist  as  an  external  than  as  an  internal 
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parasite  ;  and  that,  when  it  does  affect  the  surface,  its  growth  is  likely 
to  be  slower  and  its  progress  more  easily  arrested.  Other  organisms, 
such  as  those  of  cholera  and  typhoid  fever,  can,  in  suitable  media,  grow 
at  a  tempei-ature  as  low  as  60°  F.  These  can  therefore  easily  multiply 
apart  from  the  body.  The  general  statement  may  be  made,  with 
regard  to  bacteria,  that  reproduction  ceases  when  the  temperature  is 
reduced  to  -iO"  F.,  and  in  the  case  of  many  organisms  at  a  much  higher 
point ;  but  they  do  not  necessarily  die.  Though  rendered  rigid  and 
motionless,  some  can  survive  extreme  cold.  The  spore-bearing  B. 
anthrads  has  been  frozen  in  a  fluid  at  -  110°  C.  without  injury.  The 
maximum  temperature  at  which  bacteria  can  grow  is  in  most  cases 
between  100°  F.  and  120°  F.  By  further  rise  of  temperature,  rigidity 
and  death  are  induced — more  easily  in  moist  than  in  dry  conditions, 
and  much  more  easily  in  the  adult  than  in  the  spore-form.  The  reac- 
tion and  nature  of  the  medium  in  which  the  germs  are  heated  has  a 
decided  influence.  Boiling,  and  indeed  a  much  lower  temiserature 
(140°  F.)  than  212°  F.,  will  kill  the  great  majority  of  fungi;  but  solu-" 
tions  containing  spores  may  need  exposure  to  a  temperature  of  212°  F. 
for  many  hours  before  they  are  completely  sterilised.  Thus  Tyndall 
failed  to  sterilise  a  hay-infusion  by  eight  hours'  boiling.  This  pro- 
longed resistance  of  spore-containing  fluids  to  boiling  is  explained  by 
supposing  that  fresh  generations  of  adult  organisms  are  developed  after 
the  boiling  is  over,  fi'om  spores  able  to  resist  that  temperature  for  a 
long  time — a  view  supported  by  the  fact  that  such  Jluids  may  he 
readily  sterilised  if  boiled,  for  a  few  minutes  only,  on  four  or  five  successive 
occasions  at  intervals  of  several  hours. 

In  like  manner  alternate  freezing  and  thawing  destroys  organisms 
more  rapidly  than  continuous  freezing.  Typhoid-bacilli  succumb  to 
this  treatment  in  a  month,  while  they  resist  continuous  freezing  more 
than  three  times  as  long. 

Some  vegetative  (adult)  forms  have  been  found  which  withstand 
temperatures  higher  than  those  named.  Duclaux  found  some  bacilli 
(tyrothrix  in  cheese)  which,  when  suspended  in  slightly  alkaline  fluid, 
were  not  destroyed  by  1 00°  C. ;  but  in  an  acid  medium  were  killed  in  a 
minute:  the  spores  were  not  destroyed  by  1 15°  C.  Other  speeifes  exist, 
the  spores  of  which  have  withstood  a  moist  heat  of  even  180°  C. 

Streaming  steam  has  a  more  powerful  germicidal  action  than  super- 
heated steam.  This  is  probably  due  to  its  greater  degree  of  moisture, 
and  its  consequently  greater  penetrating  power. 

The  dry  spores  of  the  B.  anthracis  and  ot  the  B.  sublilis  may  survive 
nearly  three  hours'  exposure  at  1 40°  C. 

Rest. — Most  fungi  flourish  better  in  a  still  medium  than  in  one 
whose  i)articles  are  constantly  moving;  whilst  the  B.  anthracis  divides 
actively  in  the  blood-stream,  many  other  kinds  {e.g..  Micrococcus  sepiicu-s) 
seem  always  to  settle  before  multiplying. 


26"2 


PARASITES 


Light. — Lif-ht,  especially  bright  sunlight,  has  a  destructive 
influence  on  organisms.  The  rays  from  the  violet  end  of  the 
spectrum  are  said  to  be  the  most  powerful,  those  from  the  red  end 
the  least.  All  organisms  do  not  suffer  equally.  Recorded  experiments 
on  this  subject  arc  contradictory.  The  contradiction  may  be  due  to 
the  difficulty  in  excluding  the  influence  of  desiccation,  oxidation, 
and  changes  in  the  media  in  which  the  organisms  are  placed. 
Combined  iritli  these,  light  unquestionably  forms  a  valuable  means  of 
disinfection. 

Soil. — Apart  from  their  degree  of  moisture  and  from  the  presence 
of  other  organisms,  the  influence  of  most  soils  on  the  growth  of 
pathogenic  bacteria  does  not  seem  to  be  marked.  Peal,  however,  has 
a  distinctly  destructive  influence  upon  the  organisms  of  cholera  and 
typhoid  fever  (Dempster). 

These  are  the  principal  means  by  which  the  growth  of  organisms 
can  be  modified.  Absence  of  growth  does  not  necessarily  mean  death 
of  the  organism.  If  the  conditions  are  unfavourable  the  cells  will  not 
develop,  but  they  may  not  die.  By  making  a  comparatively  small 
change  in  some  of  the  above  conditions,  the  development,  and  conse- 
quently the  action,  of  any  given  organism  may  be  prevented.  This 
may  often  be  possible  when  it  is  quite  out  of  the  question  to  employ 
measures  powerful  enough  at  once  to  destroy  the  organisms  them- 
selves. 

DISTRIBUTION  OF  BACTERIA  IN  NATURE — 

Where  are  these  microscopic  vegetable  organisms  to  be  found  1:  A 
putrid  wound  swarms  with  them,  ^^'hence  do  they  come  ?  There  are 
two  possible  answers,  (l)  They  may  find  access  to  the  body  from  some 
outside  source.  (2)  They  may  exist  in  the  healthy  body,  developing 
only  under  special  circumstances. 

(1)  Earth,  Air,  or  Water  may  be  the  Habitat  of  Genus. 

(«)  Earth. — The  soil  is  the  principal  storehouse  of  organisms. 
Portions  of  mould  taken  from  the  surface,  and  dropped  into  a  steriUsed 
culture-fluid,  invariably  infect  it.  Pyogenic  cocci  and  the  bacilli  of 
tetanus  and  malignant  oedema  are  among  the  forms  usually  found.  In 
winter  Koch  failed  to  find  any  organisms  at  a  depth  of  one  metre  in 
soil  which  had  not  been  recently  disturbed,  which  was  not  formed 
largely  of  decomposing  material,  and  into  which  no  unusual  amount  of 
water  had  penetrated. 

All  solids  in  contact  Avith  air,  including  the  surfaces  of  animals,  have 
organisms  u])on  them. 

(b)  Air. — Spores  of  moulds  are  the  commonest  forms  of  aerial 
bacteria,  then  bacilli  and  their  spores,  whilst  putrefactive  organis7ns  are 
compai-ativelij  rare.    Organisms  of  some  kind  exist  in  the  air  every w'here 
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except  away  from  all  life— in  mountains  above  the  line  of  perpetual 
snow,  or  on  the  ocean  far  removed  from  land  and  ships.  In  sucl. 
places  a  sterilised  fluid  would  not  decompose,  even  if  left  exposed  till 
it  dried.  But  wherever  life  is  found  germs  are  found.  They  increase 
in  number  as  the  population  grows  and  as  putrescible  material  becomes 
more  plentiful.  Hesse  found  that  the  air  in  a  hospital-ward  in  Berlin 
contained  thirty  times  as  many  bacteria  as  the  air  out  of  doors.  In 
some  pai-ts  of  London  it  is  possible  to  pour  sterilised  fluids  from  one 
flask  into  othei'S  with  the  result  that  but  a  small  percentage  will 
become  turbid  from  the  growth  of  germs ;  in  other  parts  every  flask 
will  be  infected.  Precautions  against  infection  become  more  necessary 
as  density  of  population  and  imperfect  ventilation  increase,  and  it  is 
obvious  that  in  the  hospitals  of  large  towns  such  measures,  to  be 
successful,  must  be  most  stringent,  for  here  putrefactive  organisms 
will  be  comparatively  numerous. 

The  air  is  kept  supplied  with  organisms  from  the  surfaces  of  objects 
over  which  it  passes.  The  dust  left  as  the  final  result  of  putrefactive 
processes  is  a  fertile  source  of  contamination.  Perfectly  still  air 
becomes  pure  by  subsidence  of  its  germs. 

(c)  Water.— All  water,  except  such  as  comes  from  a  great  depth 
(Artesian  wells),  contains  organisms.  Rain-water  sweeps  the  air,  and 
infects  the  soil  with  the  germs  which  it  carries  down.  All  surface- 
water  is  infected  from  the  ground  through  which  it  soaks.  River- 
water  is  exposed  to  all  possible  soui'ces  of  pollution.  It  is  scarcely 
necessary  to  add  that,  unless  the  water  contains  sufficient  organic 
matter  to  serve  as  food  for  the  fungi,  no  multiplication  will  take 
place,  and  that,  sooner  or  later,  the  germs  will  die,  though  perhaps 
not  for  many  weeks.  Typhoid-bacilli  in  tap-water  rarely  survive  for 
more  than  three  weeks.  The  existence  of  many  organisms  in  a  sample 
of  water  points  to  the  existence  of  much  organic  impurity,  or  to  a 
continuous  and  plentiful  supply  of  organisms. 

(2)  Organisms  exist  in  and  on  the  Living  Body. 

Bacteria  exist  in  large  numbers  on  the  extei-nal  (^s/cin^  and  internal 
(bronc/iial  and  alimentary)  surfaces,  which  are  in  contact  with  air.  On 
the  skin  they  are  most  numerous  on  the  hands — beneath  the  nails, 
and  in  the  folds  of  skin  about  the  nails ;  and  on  parts  j)rovided  with 
hair  and  large  glands — e.g.,  the  scalp,  axilla,  and  perinaeum.  Special 
care  is  therefore  required  to  disinfect  these  parts.  Inhaled  with  the 
breath,  organisms  are  found  in  the  larger  bronchi ;  but  the  smaller 
tubes  and  alveoli  are  probably  free,  for  Tyndall  has  shown  that  the 
complemental  air  is  pure,  as  it  causes  a  non-luminous  gaj)  in  an  electric 
beam  thrown  across  a  dark  room.  Further  proof  lies  in  the  fact  that 
empyemata  communicating  with  the  air  through  the  lung  generally 
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remain  free  from  i)ntrefacti<)n,  wliilst  empyemata  following  an  external 
wound  of  tlie  pleura  always  putrefy. 

With  food  and  drink  many  living  germs  are  carried  into  the 
alimentary  canal.  All  kinds  of  fungi  swarm  in  the  mouth.  There 
are  fewer  in  the  stomach,  for  the  acid  gastric  juice  is  unfavourable  to 
the  development  of  most  of  them.  Tiiey  become  more  plentiful  in 
the  duodenum  even  before  the  food  has  become  alkaline ;  and  the 
food,  when  mixed  with  the  pancreatic  juice,  swarms  with  organisms. 
Indeed,  the  products  of  normal  pancreatic  digestion  and  those  of  tiie 
ordinary  putrefaction  of  albuminoids  are  practically  the  same.  Through- 
out the  whole  intestine,  but  varying  with  the  products  and  stages  of 
digestion,  enormous  numbers  of  organisms  occur.  In  abnormal  states 
of  the  mucous  membrane,  or  in  too  prolonged  retention  of  intestinal 
contents,  the  fiingi  may  multijily  and  excite  irritation,  and  even 
poisoning,  by  the  products  of  their  action.  Experience  shows  that 
after  death  putrefaction  begins  in  the  abdomen,  spreading  from  the 
alimentary  canal. 

By  obtaining  pure  urine  directly  from  the  urethra.  Lister  showed 
that  a  healthy  urinary  tract  is  free  from  organisms. 

Bacteria  on  the  skin  and  mucous  surfaces  may  fairly  be  regarded  as 
external  to  the  body  proper — i.e.,  to  the  tissues. 

Organisms  are  found  in  the  tissues  in  many  diseases.  There  are  two 
routes  by  which  organisms  may  reach  the  tissues.  One  is  through  the 
skin,  the  other  through  the  mucous  membranes,  especially  the  respiratory 
and  the  alimentary. 

1.  Skin. — As  a  general  rule,  uninjured  epidermis  is  impervious  to 
organisms  ;  and  in  practice  nearly  all  organisms  that  gain  access  by 
this  means  enter  through  wounds  or  slight  abrasions.  Pustules  have, 
however,  been  produced  by  rubbing  into  the  skin  a  pure  culture  of  the 
Staphylococcus  pyogenes  aureus.  Inoculation  in  these  cases  seems  to 
have  occurred  through  the  walls  of  the  hair-follicles  or  the  sweat-ducts, 
as  it  does  in  the  case  of  acne-pustules. 

2.  Mucous  Membranes. — If  organisms  enter  by  the  skin  it  is  a  fortiori 
likely  that  they  will  also  enter  by  the  mucous  membranes.  To  decide 
this  question  so  far  as  the  respiratory  tract  is  concerned,  animals  were 
placed  in  an  atmosphere  impregnated  with  anthrax-spores.  Anthrax 
is  a  particularly  suitable  organism  to  use  as  a  test,  from  the  readiness 
with  which  it  thrives  in  the  normal  tissues.  In  an  experiment  of 
Buchner's,  out  of  sixty-six  animals  thus  treated,  fifty  died  from  anthrax. 
It  is  unlikely  that  the  organisms  were  swallowed  and  absorbed  through 
the  wall  of  the  alimentary  tract ;  firstly,  because,  while  large  numbers 
were  found  in  the  lungs,  few  or  none  were  present  in  the  spleen  ;  and 
secondly,  because  out  of  thirty-three  animals  fed  on  double  the  i>ro- 
portion  of  anthrax-.spores  only  four  succumbed.  These  experiments 
not  only  showed  that  in  the  case  of  anthrax  the  organisms  can  gam 
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an  entry  through  both  these  mucous  membranes^  but  also  that  the 
entrance  through  the  respiratory  mucous  membrane  is  the  more 
readily  effected.  In  the  lung  they  are  probably  taken  up  like  carbon- 
particles,  carried  to  lymphatic  glands,  and  thence  perhaps  to  the  blood. 
It  is  difficult  to  deny  that  in  many  cases  there  may  have  been  some 
slight  injury  at  the  point  of  entry. 

Ordinarily,  as  above  said,  fresh  human  urine  is  sterile  ;  but  if 
animals  are  fed  on  putrid  material,  living  organisms  may  be  found  in 
the  urine.  This  is  also  the  case  when  a  large  quantity  of  washed 
putrefactive  organisms  is  injected  into  the  circulation.  Many  of  the 
germs  are  carried  to  other  organs  besides  the  kidneys,  and  are  found 
as  yellowish  masses  in  the  caj)illaries  ;  they  are  unable  to  thrive  in  the 
healthy  system,  and  die  and  disappear  in  two  or  three  weeks — often 
much  more  rapidly.  From  the  above  data  it  is  probable  that,  under 
ordinary  circumstances,  organisms  can  pass  through  the  mucous  mem- 
branes of  man  in  small  quantities  only,  and  that  any  which  do  enter 
soon  die,  and  do  not  reach  the  urine  alive. 

Experiments  have  been  made  to  determine  whether  organisms  are 
habitually  present  in  healthy  tissues.  Portions  of  healthy  organs  have  been 
removed  with  aseptic  precautions  and  placed  under  conditions  best 
calculated  to  encourage  the  growth  of  any  organisms  that  might  be 
present,  as  well  as  to  prevent  their  contamination  from  any  extraneous 
source.  Whilst  the  results  have  been  contradictory,  the  balance  of 
evidence  seems  to  be  distinctly  in  favour  of  the  view  that,  as  a  nde, 
no  living  genns  are  to  he  found  in  healthy  tissues.  That  the  blood  may 
contain  living  pyogenic  cocci  is  probable  from  the  frequency  with 
which  inflammation  and  abscess  result  from  Ijruises  occurring  in 
depressed  states  of  the  system  (p.  270),  without  any  break  in  the 
continuity  of  the  epidermis  (p.  266).  If,  however,  cocci  could 
ordinarily  obtain  access  to  the  tissues  by  means  of  the  vessels,  it 
would  be  impossible  by  antiseptic  treatment  (adapted  to  prevent  the 
entry  of  living  cocci  from  without)  to  prevent  suppuration  of  wounds, 
for  this  would  occur  from  causes  reaching  thftmfrom  within. 

Again,  the  rarity  with  which  any  collection  of  putrescible  fluid  in 
the  body  undergoes  putrefaction  (notwithstanding  the  suitability  of  the 
temperature),  and  the  certainty  with  which  by  care  we  can  keep 
wounds  "sweet,"  seems  to  be  strongly  against  the  existence  of  jndre- 
faclive  fungi  in  healthy  tissues.  It  is  certain,  however,  that  if  these  do 
gain  access  they  may  survive  for  some  hours  ;  so  that  the  jjutrefaction 
of  removed  portions  of  tissue,  usually  attributed  to  want  of  care,  may 
sometimes  have  been  due  to  the  presence  of  living  germs  in  those 
portions  at  the  time  of  their  removal  from  the  body.  Again,  if  a 
suitable  nidus  be  provided  for  the  development  of  organisms,  they 
multiply  and  set  up  their  characteristic  decomjjosition.  Thus,  Chauveau 
performed  hiitoumage  of  a  sheep's  testis — i.e.,  subcutaneous  torsion  of 


266 


PARASITES 


the  organ  and  its  main  vessels — in  one  case  before,  and  in  another 
uf)er,  the  injection  of  septic  bacteria  into  the  blood.  In  the  latter  case, 
in  which  the  testis  presumal)ly  contained  inij)risoned  organisms,  it 
broke  down  into  a  putrid  fluid,  and  excited  much  inflammation  around. 
In  the  former,  in  which  the  injected  bacteria  were  shut  off  from  the 
damaged  testis,  the  organ  underwent  the  fatty  changes  previously 
described  (p.  This  is  the  invariable  course  when  under  normal 

conditions  the  operation  is  performed  as  a  method  of  castration:  it  shows 
that,  normally,  organisms  are  not  present  in  the  sheep's  testes. 

Some  organisms^  however,  seem  capable  of  flourishing  in  tissues 
which  are  perfectly  healthy — e.g.,  the  contagia  of  the  acute  specific 
fevers,  and  the  B.  anthrnci.s:  Even  here  there  is  some  very  obscure, 
difference  between  individuals  of  the  same  or  of  closely  allied  species, 
which  renders  soiTie  of  them  suitable  media  for  the  development  of 
certain  organisms,  whilst  others  are  unsuitable — i.e.,  more  or  less 
pi'edisposition  is  required  even  when  a  particular  species  is  liable  to 
a  disease.  Thus,  some  people  do  not  appear  capable  of  contracting  the 
acute  specific  fevers  :  children  are  more  subject  to  these  diseases  than 
adults  :  Algerian  sheep  are  immune  to  anthrax  :  young  dogs  are  easily 
inoculated  with  the  B.  anthracis,  but  old  ones  are  not.  One  great 
difficulty  in  the  experimental  study  of  the  infective  diseases  of  man  is 
to  find  animals  which  are  subject  to  them.  Many  organisms  will  thrive 
only  in  some  particular  tissue  or  fluid  of  the  body  :  thus,  some  multiply 
in  the  blood,  others  in  lymph,  some  in  bone  (osieomi/elilis),  others  in 
the  cerebro-spinal  meninges  (epidemic  cerebrospinal  meningiii.s).  (See 
Meningo-coccus.) 

Conclusions. — Organisms  in  great  variety,  but  in  very  vai-jong 
number,  exist  in  air,  water,  earth,  and  on  all  objects  exposed  to  air, 
on  the  skin  and  on  those  mucous  surfaces  which  are  in  contact  with 
air.  Organisms  can  probably  pass  through  the  pulmonary  and  intes- 
tinal mucous  membranes  in  small  numbers,  but  the  majority  soon  die 
if  the  tissues  are  healthy.  It  is  a  rare  thing  for  such  bacteria  to  reach 
the  ui-ine  alive.  Occasionally,  however,  bacteria  which  can  develop 
in  living  tissues  gain  entrance,  and  the  individual  invaded  is  then  in 
more  or  less  danger  of  disease.  Organisms  which  can  thus  uijure  the 
tissues  and  produce  diseases  are  termed  patJiogoiic.  The  factors  which 
regulate  their  growth  in  the  tissues  will  be  considered  in  the  next 
section. 

In  the  meantime  it  may  be  concluded  that  organisms  found  in  a 
wound  have  enteved  it  J'rom  without ;  that  fungi  found  in  pathological 
lesions  within  the  tissues  have  entered  by  a  wound  or  through  a 
mucous  surface  ;  that  neither  living  organisms  nor  their  spores  exist 
normally  in  the  tissues  ;  and  that  in  health  they  are  never  eliminated 
alive  by  an  excretory  organ  or  by  a  wound. 

This  is  of  fundamental  importance  in  surgery.    If  organisms  could 
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enter  a  wound  from  the  side  of  the  tissues,  aseptic  treatment  would 
be  impossible.  As  it  is,  we  know  that,  if  no  loophole  is  allowed  for 
the  entry  of  germs  from  without,  wounds  will  remain  free  from 
bacterial  infection,  and  patients  will  be  saved  from  pyaimia  and 
septicajmia.  If  organisms  once  gain  access  to  the  tissues,  it  is 
extremely  difficult  to  destroy  the  organisms  without  destroying  the 
tissues  as  well  (p.  260 

FATE  OF  ORGAINTISMS  IN  LIVING  TlSSUilS  It  by 

no  means  follows  that  pathogenic  organisms,  which  have  actually 
entered  the  tissues,  will  always  multiply  and  give  rise  to  disease.  Just 
as  in  the  case  of  infective  inflammations,  so  in  all  other  infective 
diseases,  there  are  two  faclors  in  the  productioH  of  disease — the  attack  of 
the  germs  on  the  one  hand,  and  the  resistance  of  the  tissues  upon  the 
other  (p.  169). 

Supposing  the  conditions  to  be  favoui'able  to  their  growth,  patho- 
genic fungi  differ  much  in  the  course  which  they  pursue.  Some  remain 
about  the  spot  at  which  they  first  settled.  Others,  with  different 
degrees  of  rapidity,  spread  by  continuity  of  tissue.  Others,  again,  are 
carried  along  in  the  lymphatics,  settling  in  them  here  and  there,  or 
passing  on  until  the  nearest  glands  are  reached.  Another  group  enter 
the  circulation  at  once,  and  are  carried  in  the  blood  all  over  the  body. 
Some  species  remain  and  multiply  in  the  blood,  and,  in  translucent 
parts,  may  be  seen  in  the  marginal  stream  in  the  veins ;  others,  again, 
require  to  be  deposited  from  the  blood  at  some  spot  predisiiosed 
to  receive  them.  Escape  from  disease  after  exposure  to  infection  is 
doubtless  often  due  to  the  deposit  of  germs  at  spots  other  than 
"  weak  "  ones.  The  spread  of  organisms  in  the  tissues,  like  that  of 
an  abscess,  always  occurs  along  the  lines  of  least  resistance. 

It  is  not  necessaiy  that  the  organisms  should  enter  the  tissues  at  all 
in  order  to  produce  disease.  In  diphtheria  the  bacillus  rarely  extends 
beyond  the  false  membrane ;  this  becomes  simply  a  factory  of  the 
ferment,  which  is  rapidly  distributed  throughout  the  body,  giving 
rise,  in  the  tissues,  to  the  albumoses  already  referred  to.  In  cholera, 
too,  the  bacillus  is  only  found  in  the  intestine,  while  its  products  are 
rapidly  absorbed  and  lead  to  the  well-known  symptoms.  It  is  there- 
fore clear  that  the  effects  of  the  action  of  organisms  in  the  body  are 
very  varied.  Sometimes  they  are  strictly  local.  A  small  mass  of 
organisms,  by  means  of  its  chemical  products,  excites  an  inflammatory 
focus  and  exerts  a  peptonising,  caustic,  or  other  action  on  the  tissues 
in  which  it  lies  (Fig.  146).  The  action  is  limited  to  invasion  of  the 
tissues  near  the  point  of  entry.  Sometimes  the  action  is  less  strictly 
local.  Such  inflammation  is  called  diffuse.  Occasionally  the  mere 
mechanical  plugging  of  the  vessels  may  be  of  importance.  The 
accompanying  figure  (Fig.  147),  showing  the  bacillus  of  anthrax  in  the 
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vessels  of  u  mouse's  lung,  gives  an  idea  of  the  extent  to  which  this 
process  may  be  carried. 
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I"IG.  146. — Malpighlan  Corpuscle  (a)  from  Kidney  in  a  Case  of  Septic 
Embolism.  The  dark  patches  are  "colonies"  produced  by  the 
growth  of  pyogenic  cocci  arrested  in  the  capillary  tuft  («).  The  chemi- 
cal products  of  the  organisms  have  entirely  obliterated  the  normal 
characters  of  the  tissue,  which  is  crowded  with  leucocytes,     x  100. 

SometimeSj  when  the  organisms  multiply  in  the  blood,  or  discharge 
into  it  the  products  of  their  action,  the  most  marked  effects  are  general. 
These  consist  mainly  of  fever,  wasting,  and  coma,  from  the  action  of 
substances  circulating  in  the  blood,  the  coagulability  of  which  is 
sometimes  lessened.  In  others,  again,  in  addition  to  the  strictly  local 
and  general  effects,  the  circulating  products  attack  special  parts— as 


n,  alveolus  ;  v,  vein  full  of  bacilli  ;  c,  capillaries  also  full  ;  hr,  bron- 
chus.   X  400.  (Horsley.) 

in  diphtheria,  in  which  they  cause  marked  degeneration  of  certain 
nerves,  and  consequent  local  paralyses.  Possibly  parasitic  fungi 
also  produce  some  effect  by  the  abstraction  of  nourishment  from  their 
host. 

Reference  must  here  be  made  to  the  conditions  which  influence 
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the  two  factors  in  question  (p.  261) — increasing  or  diminishing  the 
power  of  the  organisms,  or  tlie  resisting  capability  of  the  tissues. 

1.  Arrest  of  an  organism  is  absolutely  necessary  before  it  can 
by  its  metabolism  produce  /oca/  irritation  and  inflammation,  for  if  its 
products  are  poured  into  the  circulating  blood  they  become  too  dilute 
to  effect  any  local  injury.  Thus,  pyogenic  cocci  have  frequently  been 
found  in  the  blood  of  persons  having  no  abscess  Again,  lymphadenitis 
is  much  commoner  than  lymphangitis,  not  because  the  glands  are 
more  accessible  to  organisms  than  the  vessels,  but  because  the  organ- 
isms are  more  likely  to  be  arrested  in  the  narrower  and  more  sinuous 
channels  of  the  former.  But  such  arrest  is  not  necessary  for  organisms 
which,  like  those  of  septic  infection  of  mice,  act  by  pouring  into  the 
blood  poisons  which  cause  fever  and  other  symptoms.  Still,  though 
rest  is  only  essentia/  to  the  multiplication  of  some  organisms,  it  is 
advantageous  to  the  growth  of  a//. 

Organisms  circulating  in  the  blood  may  be  arrested  in  one  of  many 
ways.  Of  these  the  commonest  are  embolism,  thrombosis,  extravasation 
of  blood  from  injury,  and  the  migration  and  subsequent  death  of  a 
leucocyte  beainng  in  its  interior  one  or  more  living  germs :  this  last 
will  occur  most  easily  in  parts  in  which  the  vessels  are  distended  and 
the  circulation  slow  (venous  congestion).  It  is  conceivable  that  a  germ 
might  escape  unaided  from  a  vessel  under  these  circumstances  just  as 
a  red  corpuscle  does,  especially  when  the  influence  of  bacterial  chemo- 
taxisis  borne  in  mind.  Numerous  methods  have  been  successfullydevised 
to  cause  the  detention  of  organisms  in  capillaries  through  which  they 
could  ordinarily  pass— such  as  mixing  them  with  sterilised  cinnabar  or 
potato-stai-ch.  It  is  possible  that  the  "  clumping  "  of  cocci  en  route  may 
also  lead  to  plugging  of  vessels,  and  may  explain  the  unusual  sites  of 
many  minute  abscesses  in  pyaemia. 

2.  Predisposition.—  Unless  there  is  predisposition  to  suffer  from 
the  products  of  the  organisms  thus  arrested,  their  impaction  in  vessels 
may  not  be  sufficient  to  enable  them  to  excite  inflammation.  Thus,  in 
rabbits  Ribbert  found  numerous  masses  of  pyogenic  cocci  in  the 
capillaries  of  the  lung  and  other  organs  twenty-four  hours  after  their 
injection ;  but  all  disappeared  in  foi-ty-eight  to  seventy- two  hours 
except  in  the  kidneys,  where  alone  abscesses  formed.  Rabbits  are  less 
prone  than  man  to  suffer  from  these  organisms  :  and  in  them  at  all 
events,  and  very  likely  in  man  also,  the  predisposition  of  the  tissues  musi 
be  increased  before  these  pai-ticular  organisms  (pyogenic  cocci)  can 
excite  inflammation.  The  predisjwsition  to  suffer  from  the  attacks  of 
organisms  is  increased  by  general  depression  of  vitality.  This 
may  arise  from  privation  and  faulty  hygienic  surroundings.  Depressed 
vitality  is  also  seen  after  severe  attacks  of  acute  fevers,  and  in  alcoholic, 
albuminuric,  and  diabetic  patients.  Among  these,  trivial  wounds  often 
prove  serious,  and  operations  should,  if  possible,  be  avoided,  as  pyogenic 
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cocci  easily  gain  access,  and  ct-Uulitis,  boils,  and  carbuncles  result. 
Among  savage  races  and  animals,  serious  wounds  fre(iuently  lieal  by 
first  intention.    Local  depression  of  vitality  may  be  brought  about 
by  any  kind  of  injury,  and  it  is  here  that  the  "simple"  causes  of 
inflammation  chiefly  come  in  as  predisponents,  rendering  the  tissues 
more  open  to  the  attack  of  micro-organisms.    It  has  been  experi- 
mentally demonstrated  that  ana;mia  or  passive  hypera?mia  of  a  part 
for  some  hours  enables  sejjtic  cocci  to  settle  and  excite  a  progressive 
inflammation.    Thus  Waterhouse  injected  staphylococci  subcutaneously 
into  his  own  scrotum  with  a  negative  result.    He  then  constricted  a 
portion  of  it,  until  it  was  purple  and  swollen,  and  made  a  second 
similar  injection.    An   abscess   resulted.    The    effect   of  comj)ara- 
tively  slight  mechanical  injury  in  leading  to  simple  abscess,  osteo- 
myelitis, and  tubercular  disease  of  jo'ints  has  long  been  known,  and  it 
has  been  proved  that  such  lesions  act  either  by  simply  depressing  the 
tissues  or  by  causing  extravasation  of  blood,  and  thus  allowing  germs 
which  cannot  grow  in  the  circulating  blood  to  pass  out  into  the  con- 
nective-tissue, there  to  multiply  and  excite  inflammation.  Ordinan' 
chemical  irritants  similarly  depress  the  tissues  and  excite  simple  in- 
flammation, and  Cheyne  points  out  that  strong  injections  into  septic 
cavities  probably  facilitate  the  entry  into  the  general  circulation  of  anv 
organisms  which  the  injections  fail  to  destroy.    The  injurious  effect 
upon  the  tissues  of  great  cold  or  heat  applied  directly  to  a  part  needs 
no  comment,  and  Lassar's  experiments  (p.  171)  show  the  effect,  upon 
internal  organs,  of  cold  applied  to  the  surface  :  and  though  it  is  not 
yet  known  how  the  cold  acts,  we  may  conclude  that  it  would  facilitate 
the  passage  of  organisms  into  the  tissues  of  the  parts  which  become 
interstitially  inflamed.    It  would  seem,  however,  that  pyogenic  cocci 
and  other  organisms  circulating  in  the  blood  do  not  enter  the  inflamed 
area  and  pass  out  into  the  damaged  tissues  during  all  stages  of  the 
inflammatory  process :  they  do  so  readily  until   the  stage  of  free 
emigration  of  leucocytes  is  reached,  when — according  to  Rinne's  ex- 
periments— they  are  no  longer  to  be  found  in  the  vessels  of  the 
inflamed  area.    Cocci  injected  during  the  formation  of  scar-tissue  are 
said  to  enter  the  vessels  of  the  damaged  part  in  excessive  numbers. 
Thence  they  may  pass  out  into  the  tissues,  but  when  the  scar  is  fiilly 
formed  no  such  difference  is  noticeable.    The  explanation  given  of 
these  observations  is  that  in  the  early  stage  of  inflammation  the  tissues 
are  weakened  by  the  injury  and  unable  to  cope  with  invading  organ- 
isms, which  consequently  multiply  in  them ;  but  in  a  more  advanced 
stage,  when  free  escape  of  leucocytes  is  occurring,  the  damaged  tissues 
are  infiltrated  by  a  swarm  of  healthy  active  cells  and  by  an  antagonistic 
fluid,  both  capable  of  destroying  jjyogenic  cocci.    Scar-tissue  again 
in  its  early  vascular  stage,  seems  to  be  of  feeble  resisting  power. 
Cheyne  points  out  that  acute  osteomyelitis  and  tubercular  disease  are 
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often  Induced  by  slight  injuries,  rarely  by  sevei-e,  which  seem  to 
t'xcite  too  much  reaction.  Improvement  of  the  general  health  and 
the  use  of  antitoxic  serum  (p.  28<))  may  enable  the  tissue-elements  to 
contend  successfully  against  pathogenic  organisms  whicli  have  invaded 
the  tissues. 

3.  The  seat  of  inoculation  and  the  anatomical  arrangement 
of  a  part  are  of  importance  in  enabling  organisms  to  obtain  a  foot- 
hold in  the  body  in  two  ways.    (1)  Certain  microbex  can  only  grow  in 
certain  tissues;  they  are  harmless  unless  they  reach  and  settle  in  these 
tissues.    (2)  The  phi/sical  characters  of  a  part  have  much  to  do  in  deter- 
mining whether  an  oi'ganlsm  will  live  in  it,  and  what  form  of  inflamma- 
tion will  result  from  its  growth.    The  bacillus  of  malignant  oedema 
illustrates  both  these  points.    It  can  grow  only  in  connective-tissue  ; 
when  introduced  into  the  blood,  it  sooner  or  later  dies,  leaving  the 
animal  protected  against  the  disease  ;  but  if,  whilst  it  is  circulating,  a 
bruise  is  produced,  the  bacilli  pass  out  with  the  extravasated  blood 
into  the  tissues,  commence  to  grow  and  thus  cause  the  lesions  of  the 
malady.    Again,  inoculation  with  this  organism  at  the  tip  of  the  tail 
in  cattle  has  little  effect  on  account  of  the  density  and  coldness  of  the 
part :  the  intensity  of  the  inflammation  increases  as  the  point  of  inocu- 
lation approaches  the  body,  and  the  reaction  may  also  be  increased  by 
raising  the  temperature  of  the  more  distal  parts.    Sheep,  which  have 
loose  tissue  in  their  tails,  react  strongly  when  inoculated  even  at  the 
very  tip  of  this  appendage  :  the  reaction  is  diminished  by  cooling  the 
part.     Cheyne  showed  that  the  injection  of  a  certain  quantity  of  a 
cultivation  of  the  Proteus  vulgaris  into  the  subcutaneous  tissue  of  the 
back  of  a  rabbit  caused  an  abscess,  but  the  same  quantity  in  the 
muscles  of  the  back  produced  death ;  and,  further,  an  amount  of  the 
cultivation,  too  small  to  have  any  appreciable  effect  in  the  subcu- 
taneous tissue,  caused  an  abscess  when  placed  among  the  muscles.  No 
explanation  is  as  yet  forthcoming.    The  limitation  of  acute  infective 
osteomyelitis  to  growing  bones  is  another  example  of  the  influence  of 
structure  upon  disease.    A  last  illustration  of  this  point  may  be  found 
in  the  difference  between  the  behaviour  of  the  peritoneum  and  of  con- 
nective tissue  to  pyogenic  cocci.    Washing  out  the  peritoneum  with 
ordinary  unpurified  tap-water  has  been  practised  without  any  dele- 
terious effects ;  but  the  result  of  washing  out  wounds  of  soft  parts,  or 
of  bones,  has  been,  on  the  other  hand,  extremely  unfavourable,  acute 
inflammation  often  supervening.    The  explanation  given  is  that  the 
peritoneum  has  great  powers  of  rapid  absorption,  so  that  even  if  con- 
siderable quantities  of  putrescible  fluids  be  injected  together  with 
septic  organisms  into  its  cavity,  they  will  be  completely  absorbed,  and 
the  organisms  destroyed,  before  putrefaction  has  time  to  advance 
to  a  poisonous  extent ;  but,  if  still  larger  quantities  be  injected,  putre- 
faction will  occur  with  great  rapidity  in  the  unabsorbed  fluid,  and  death 


272 


PAUAsrrEs 


from  septic  intoxication  will  result.  It  is  well  known  that  a  chronically 
inflamed  peritoneum  with  a  good  many  scattered  adhesions  stands  injury 
better  than  a  normal  membrane,  and  no  proof  exists  that  the  lymph- 
flow  from  the  former  is  more  free  than  from  the  latter.  I\)ssil)ly  there 
are  more  available  phagocytes  in  this  case. 

4.  The  number  of  organisms  which  gain  entry  to  the  body  at 
any  one  time  is  a  matter  of  great  importance.  At  first  sight,  it  might 
appear  that  the  only  difference  in  the  results  after  the  injection  of  1 
and  of  1,000,000  pathogenic  microbes  would  be  the  somewhat  slower 
development  of  the  disease  in  the  former  case.  It  was,  however,  soon 
found  experimentally  that  this  was  not  so,  except  in  cases  of  animals 
strongly  predisposed  to  suffer  from  the  organism  in  question ;  and  it 
was  then  understood  that  small  numbers  of  organisms  would  be 
destroyed  by  the  tissues  before  they  could  produce  their  products  in 
any  quantity,  whilst  a  very  large  number  could  not  be  got  rid  of  with 
sufficient  speed  to  prevent  them  from  producing  more  or  less  poison, 
and  thus  gaining  a  greater  or  less  advantage  over  the  tissues.  Upon 
this  point  Cheyne's  own  researches  enable  him  to  enunciate  the 
following  laws,  (l)  The  pathogenic  dose  of  a  virus  varies  inversely 
with  the  predisposition  of  the  animal  to  the  disease  in  question : 
or,  in  other  words,  the  more  susceptible  an  animal  is  to  the  disease, 
the  smaller  will  be  the  dose  of  organisms  required  to  produce  it. 
(2)  In  animals  not  very  susceptible  to  a  germ-disease,  the  severity  of 
the  disease  varies  directly,  within  certain  limits,  with  the  dose  :  a  small 
dose  produces  no  effect,  the  germs  being  rapidlj'  destroyed ;  a  larger 
one  causes  a  local  inflammation,  the  organisms  being  hemmed  in  and 
destroyed  more  or  less  speedily  by  leucocytes ;  whilst  a  very  large 
dose  overcomes  all  local  limitations,  the  organisms  penetrating  into  the 
circulation,  producing  poisons  freely,  and  causing  death  from  septic 
poisoning.  The  dose  necessary  to  produce  any  one  of  the  above  results 
cannot  be  predicted  with  certainty,  because  predisposition  varies  greatly 
even  among  animals  of  the  same  species. 

5.  The  virulence  of  organisms,  that  is,  their  power  of  self- 
multiplication  and  capacity  for  producing  disease,  may  usually  be 
increased  ("exalted")  or  diminished  ("attenuated")  by  suitable 
external  conditions  :  thus,  attenuation  may  result  from  cultivating  an 
organism  in  such  a  way  that  long  intervals  elapse  between  the  successive 
inoculations ;  or  from  cultivating  it  at  a  temperature  at  which  growth 
is  very  slow,  or  upon  media  containing  antiseptics  in  quantity  not 
sufficient  to  inhibit  growth.  Exaltation  of  virulence  ma)'  be  produced 
by  cultivation  through  a  series  of  suitable  animals,  or  by  the  simul- 
taneous inoculation  of  some  other  bacteria  or  their  products.  Thus, 
attenuated  diphtheria-bacilli  may  be  rendered  virulent  by  injecting 
them  along  with  some  streptococci.  In  the  case  of  the  spirilla  of 
cholera  it  can  be  affected  by  procedures  described  on  p.  288.  As 


VEGETABLE  PARASITES  273 

these  procedures  can  effect  such  important  modifications  in  these 
organisms,  it  is  evident  that  the  body  may  have  to  deal  with  them  in 
states  of  varying  virulence ;  the  weaker  the  virus  the  more  of  it  will 
be  required  to  produce  a  given  efFect,  and  vice  versa.  The  absence  of 
inflammation  from  a  wound  treatec\  carelessly  or  left  to  nature  may 
sometimes  be  due  to  the  attenuation  of  any  organisms  which  may  have 
fallen  upon  it. 

6,  Concurrent  growth  with  other  bacteria  may  either 
increase  or  diminish  pathogenic  action,  and  many  facts  make  it  probable 
that  the  presence  of  putrefactive  bacteria  along  with  pyogenic  cocci 
in  et  wound  considerably  increases  the  danger  to  the  patient ;  for  the 
putrefactive  organisms,  by  their  irritant  products,  destroy  the  granula- 
tion-tissue and  open  up  a  way  of  entry  for  the  pyogenic  germs.  A 
corresponding  fact,  vouched  for  by  Cheyne,  is  that  general  tuberculosis 
is  much  commoner  in  cases  of  joint-disease  complicated  with  septic 
sinuses,  than  in  cases  which  are  kept  aseptic.  The  presence  of 
pyogenic  cocci  does  not  seem  to  increase  the  spread  of  tubercular 
cavities  in  the  lung,  but  they  certainly  intensify  the  action  of  the 
B.  diphtherise.  Again,  it  is  said  that  an  osteomyelitis,  due  to  a  mixed 
infection  of  the  Staphylococcus  aureus  and  Staphylococcus  albus,  is  of 
greater  severity  and  of  worse  prognosis  than  a  case  in  which  only  one  of 
these  species  is  present.  On  the  other  hand,  recent  experiments  have 
shown  that  two  kinds  of  microbe  growing  in  the  body  may  successfully 
oppose  each  other.  Thus,  if  erysipelas-cocci  be  injected,  both  under 
the  skin  and  into  the  blood,  and  if  a  large  dose  of  anthrax-bacilli  be 
introduced  twenty-four  hours  afterwards,  so  that  a  large  number  of  cocci 
are  present  in  the  general  circulation  at  the  time  of  the  injection  of 
the  anthrax-bacilli,  the  latter  will  all  die  out  in  seventeen  to  twenty- 
four  hours,  without  causing  even  local  oedema.  These  two  organisms 
will  grow  together  readily  outside  the  body,  so  it  is  not  clear  how  their 
opposition  in  the  body  is  brought  about. 

7.  Lastly,  it  is  probable  that  local  and  seasonal  conditions  may 
act  upon  pathogenic  oi'ganisms  and  thus  account  for  such  peculiarities 
of  disease  as  endemicity,  or  greater  prevalence  at  certain  times  and 
under  certain  atmospheric  conditions. 

PRODUCTS  OF  BACTERIA  The  chemical  products  which 

result  from  the  growth  of  bacteria  are  numerous  and  diverse.  To  a 
considerable  extent  they  vary  according  to  the  conditions  under  which 
an  organism  is  situated  ;  that  is  to  say,  upon  the  quantity  and  quality 
of  the  nutrient  medium  upon  which  it  is  living.  The  same  organism 
may  thus  produce  different  substances  according  to  alterations  in  its 
environment.  For  example,  the  cholera-vibrio,  when  grown  in  weak 
meat-juice,  produces  a  peptonising  ferment,  but  when  supplied  witli  a 
stronger  solution  forms  a  diastatic  ferment. 

s 
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Our  knowledge  of  bacterial  products  is  at  present  very  limited,  and 
recent  researches  have  tended  rather  to  establisli  the  complexity  of 
such  substances  than  to  define  their  exact  chemical  positions.  Anv 
classification  of  tlieni  can,  tlierefore,  be  only  provisional,  and  is  liable 
to  alteration  with  every  advance  of  knowledge  in  this  Held.  'I'lie  follow- 
ing broad  ground  of  division  maybe  suggested.  (1)  Bodies  formed 
directly  by  the  organisms  themselves  (primary  jiroducts),  analogous  to 
the  secretions  of  higher  forms  of  life ;  and  (2)  substances  which  result 
from  the  action  of  the  bacteria  and  their  secretions  upon  the  medium 
in  which  they  live  (secondary  products).  In  the  former  group  would 
fall  the  fenncnis,  wiiich  ])lay  so  important  a  part  in  the  pathological 
action  of  micro-organisms,  and  perhaps,  in  some  cases,  the  pigtneiils 
with  which  they  are  coloured ;  in  the  latter  probably  should  be 
grouped  the  alhinmses,  peptones,  alkaloids,  acids,  gases,  and  pigments 
produced  by  their  activity. 

In  the  great  majority  of  instances  the  action  of  bacteria  upon  organic 
substances  is  in  the  direction  of  breaking  up  complex  chemical  bodies 
into  simpler  derivatives,  as  is  seen  in  the  putrefactive  decomposition  of 
dead  animals  and  plants — brought  about  very  largely  by  various  species 
of  Proteus — and  in  the  fermentation  of  sugar,  which,  by  various  kinds  of 
yeast  (saccharoniijceles),  is  converted  into  alcohol  and  carbon  dioxide. 
Some  few  bacteria,  on  the  other  hand,  are  capable  of  forming  more- 
complex  substances  from  simple  materials.  An  example  of  such 
chemical  s)'nthesis  is  seen  in  the  process  of  nitrification,  in  which 
ammonium  salts  are  oxidised  first  to  nitrites  and  then  to  nitrates  by 
different  varieties  of  organisms.  Other  bacteria  found  on  the  roots  of 
leguminous  plants  have  the  power  of  fomiing  nitrogenous  compounds 
out  of  the  nitrogen  of  the  air.  It  is  noteworthy  that  the  products 
formed  by  micro-organisms  in  the  course  of  their  growth  are  generally, 
if  allowed  to  accumulate  in  any  quantity,  poisonous  to  the  organisms 
themselves,  so  that  the  groAvtli  of  the  latter  is  finallj'^  arrested  in 
this  way  automatically.  Thus,  the  yeast-fungus  will  not  continue  to 
grow  in  saccharine  solutions  in  23resence  of  excess  of  the  alcohol  to 
which  it  has  given  rise,  and  other  organisms  similarly  cease  to  multiply 
in  artificial  media  before  the  nutrient  capacities  of  the  latter  arc 
actually  exhausted. 

The  toxic  bodies  formed  by  most  bacteria  can  be  extracted  from 
the  media  in  which  the  organisms  have  been  grown.  Thus,  the 
toxines  of  tetanus  and  diphtheria  and  those  formed  by  pyogenic  cocci 
exist  in  a  very  virulent  form  in  filtered  broth-cultures  of  these  bacteria 
{^extrncellnlar  toxines).  On  the  other  hand,  in  the  case  of  the  B.  typhosus 
and  the  cholera-vibrio  only  feebly  toxic  substances  can  be  extracted 
from  such  cultivations,  whereas  the  bacteria  themselves,  if  killed  and 
injected  into  animals,  are  highly  poisonous.  It  has,  therefore,  been 
inferred  that  the  jioisons  of  these  latter  organisms  are  integral  parts  of 
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their  body  substance  (intracellular  toxines).  It  is  clear,  however,  that  in 
order  to  produce  toxic  effects  the  poisons  must  exist  outside  the  bodies 
of  the  organisms,  and  that  this  must  be  the  case  with  living  as  well  as 
with  dead  organisms,  since  it  is  by  the  living  that  diseases  are  caused. 
Hence  the  legitimate  conclusion  appears  to  be  that  in  ordinary  media 
these  bacteria  produce  little  poison,  but  contain  a  certain  amount  in  re- 
serve within  their  capsules.  When  they  enter  a  living  host  the  environ- 
ment is  different,  and  the  products  of  the  bacteria  diflfer  accordingly. 

The  different  classes  of  products  must  be  separately  considered. 

(1)  Ferments. — By  a  ferment  is  meant  a  substance  of  which  a  very 
small  quantity  is  able,  under  certain  conditions,  to  produce  an  inde- 
finite amount  of  chemical  change  in  some  other  body.  One  such 
condition  appears  to  be  the  sufficiently  rapid  removal  of  the  products 
of  its  action.  In  the  animal  economy  the  digestive  ferments,  pepsin 
and  trypsin,  are  perhaps  the  best  knovm  examples  of  this  class.  The 
action  of  these  is  veiy  closely  imitated  by  certain  substances  formed 
by  bacteria.  Thus,  a  ferment  produced  by  the  anthrax-bacillus  is 
capable  of  forming  albumoses  and  peptone  in  nutrient  media,  these 
products  being  very  closely  analogous  to  those  formed  by  the  gastric 
or  pancreatic  juice.  The  following  table  shows  this  analogy  more 
clearly. 


T.\BLE  Comparing  Action  of  Anthrax  and  Diphtheria  Ferments 
WITH  those  of  Pepsin  and  Trypsin.  (Martin.) 


Primary  Agent,  or 
Primarj-  Infective 
Agent. 

Ferment  or  Secondary 
Infective  Agent. 

1 

Digestive  Products. 

1 

Living  Cell. 

Pepsin. 

Synionin. 

r  Hetero-albumose. 
Albumoie|  Proto--iIbumose. 

I  Deutero-albumose. 

Peptone. 

Living  Cell. 

Trypsin. 

Glo'iuline-like  body. 
Tryp  one  (peptone). 
Leucin  and  tyiosin. 
.A.  bitter  body. 

Bacillus 
anthracis. 

.Anthrax-ferment. 

f  Hetero-albumose. 
Albumose-j  Proto-albumose. 

V.  Deutt- 10-  albuniose. 

Peptone. 

Leucin  and  tyrosin. 
.Mkaloid  (base). 

Bacillus 
diphtherioK. 

Diphtheria-ferment 
in  membrane. 

r  Hetero-  -v 
Albunnose-^  Proto-    ^  Vin  the  membrane. 

iDeutero-  M  in  the  body, 
Organic  acid.  ) 

276 


PARASITES 


The  liquefaction  of  gelatine,  so  characteristic  of  many  micro- 
organisms, is  also  due  to  the  action  of  a  ferment ;  since,  if  a  small 
quantity  of  gelatine  thus  liquefied  is  freed  from  bacteria  and  added  to 
a  fresh  tube  of  gelatine,  the  liquefying  process  is  continued.  The 
peptonising  power  of  pyogenic  cocci  is  likewise  due  to  a  special  ferment 
secreted  by  them. 

(2)  Alhumoseii. — It  is  said  that  the  poison  contained  in  snake-venom 
is  an  albumose,  and  similarly  some  of  the  poisonous  products  of  jjatho- 
genic  bacteria  have  been  assigned  to  this  class.  Such,  for  example, 
is  perhaps  the  case  in  diphtheria ;  but  the  exact  nature  of  the  poison 
of  this  disease  is  not  certain.  Other  albumoses,  such  as  those  formed 
by  the  organisms  of  cholera  and  anthrax,  are  not  apparently  poisonous. 

(3)  Alkaloids. — Bodies  much  resembling  the  vegetable  alkaloids  are 
formed  in  the  growth  of  many  kinds  of  bacteria,  and  are  collectively 
known  as  jytoinaines.  Many  of  them  are  poisonous,  and  such  are 
probably  the  toxic  agents  by  which  decomposing  meat  and  vegetables 
give  rise,  when  eaten,  to  symptoms  of  irritant  poisoning  (jdoniainc- 
poisoning).  The  resemblance  borne  by  these  bodies  to  the  alkaloids 
derived  from  plants  and  used  as  drugs  or  poisons  causes  them  to  be  of 
considei-able  medico-legal  interest,  since  care  is  necessary  to  distinguish, 
in  the  dead  body,  between  substances  formed  in  the  course  of  putre- 
faction and  poisons  administered  during  life.  The  poison  of  the 
cholera-vibrio  is  probably  an  alkaloid. 

Other  poisonous  substances  not  falling  into  either  of  tliese  groups  are 
elaborated  by  micro-organisms  but  are  not  at  present  definitely  identi- 
fied. They  are  collectively  known  as  toxines,  which  term  may  also  include 
the  alkaloids  and  albumoses  mentioned  above.  The  products  known 
as  tuberculin  and  mallein  are  noticed  fully  elsewhere  (pp.  331,  386). 

(4)  Acids. — The  acid  bodies  formed  by  bacteria  do  not  appear  to 
be  of  much  pathological  importance.  Instances  ai-e  seen  in  the  acetic 
and  butyric  acids  formed  in  different  varieties  of  fermentation.  An 
organic  acid  formed  by  the  diphtheria-bacillus  possesses  slight  toxic 
properties,  and  one  formed  by  the  tubercle-bacillus  is  said  to  be  the 
cause  of  caseation. 

(5)  Gases. — Various  gases  are  formed  in  the  growth  of  different 
organisms,  such  as  hydrogen,  carbon  dioxide,  methane  and  hydrogen 
sulphide.  The  property  of  giving  rise  to  bubbles  of  gas  in  a  solid 
medium,  such  as  gelatine,  is  sometimes  a  useful  test  of  the  nature  of  an 
organism,  the  Bacillus  coli  communis,  for  example,  being  thus  differ- 
entiated from  the  typhoid-bacillus. 

(6)  Pigments. — Many  organisms  in  their  growth  give  rise  to  different 
forms  of  pigment.  This  appears  to  be  situated,  in  some  cases,  in  the 
capsules  of  the  bacteria.  Examples  of  pigment  are  seen  in  the  red 
colouration  of  growths  of  B.  ruber  and  B.  jjrodigiosus,  the  violet  hue 
of  colonies  of  B.  violaceus,  and  the  yellow  of  Sarcina  flava  and 
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Staphylococcus  pyogenes  aureus.  In  most  cases  pigment  is  more 
i  iadily  produced  at  room-temperature  than  at  body-heat.  Potato  is  a 
favourite  nutrient-medium  for  the  display  of  colours.  Pigments  do 
not  in  themselves  appear  to  be  of  any  pathological  importance.  The 
pigment  of  B.  pyocyaneus,  which  gives  rise  to  blue  pus,  has  been 
isolated  as  a  body  crystallising  in  the  form  of  needles,  and  tm-ning  red 
oil  addition  of  acids,  like  other  vegetable  blues. 

Under  the  heading  of  pigments  may  be  noticed  the  substance 
unlol — a  chromogen  rather  than  a  true  pigment — which  is  of  some 
".nportance  in  the  identification  of  certain  forms  of  bacteria.  It  is 
one  of  the  evil-smelling  substances  which  normally  occur  in  faeces, 
and  is  produced  by  many  different  organisms — the  cholera-vibrio  and 
the  B.  coli  communis  being  well-known  examples.  The  latter  is 
distinguished  from  the  typhoid-bacillus  by  this  property  among  others. 
To  test  for  indol,  a  minute  trace  of  potassium  nitrite  is  added  to  a 
culture  of  the  organism  in  broth  or  peptone-water,  and  then  a  few 
ch  ops  of  pure  concentrated  sulphuric  acid  are  allowed  to  run  down  the 
side  of  the  tube  into  the  liquid.  If  indol  is  present,  a  pink  coloura- 
tion is  produced.  All  specimens  of  peptone  do  not,  however,  afford 
\  equally  favourable  material  for  the  formation  of  indol. 

METHODS  OF  INVESTIGATION.  I.  Recognition  of 
]  Micro-organisms. — The  large  majority  of  bacteria  are  so  small 
t  that  special  staining  is  necessary  in  order  to  display  their  form  and 
.  general  characters.  Bacteria  (like  imclear  chromatin)  stain  readily 
with  basic  aniline  dyes,  but  often  retain  the  stain  under  conditions 
'  that  will  decolourise  animal  tissues.     The  dyes  most  often  used  are 

•  fuchsine,  methyl  violet,  methylene  blue,  and,  for  photographs  especially, 
Bismarck  brown  :  freshly  filtered  watery  solutions  are  employed,  from 

•  one-half  to  five  per  cent.  Cover-glasses  and  slides  should  be  cleaned 
with  chromic,  or  with  dilute  nitric,  acid  and  kept  in  absolute  alcohol ; 

I  before  use  they  should  be  heated  in  a  spirit -flame  whilst  held  in  for- 
ceps. The  following  is  the  method  of  procedure  in  the  case  of  fluids. 
A  small  drojj  of  the  material  to  be  examined  is  taken  up  in  the  end  of 
a  sterilised  platinum  loop  and  smeared  evenlj'^  over  one  side  of  a  clean 
cover-glass.  This  is  preferable  to  the  older  method  of  squeezing  the 
material  between  two  cover-glasses  and  then  sliding  them  apart. 
The  cover-glass  is  next  set  aside,  film-surface  obliquely  downwards, 
to  dry,  and  then  passed  three  times  through  a  Bunsen-flame,  at 
a  rate  of  one  foot  per  second,  to  precipitate  and  fix  any  albu- 
minous material  to  the  glass.  If  a  weak  staining  solution  is  used, 
the  cover-glass  must  be  floated  on  it,  prepared  side  downwards,  for 
some  minutes  or  hours :  if  a  strong  solution  (two  to  five  per  cent.)  is 
employed,  a  few  drops  may  be  poured  on  to  the  dried  cover-glass  and 
lett  for  half  a  minute.    In  either  case  the  cover-glass  is  then  washed 
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with  distilled  water  from  a  wash-bottle,  dried  over  a  flame,  and 
mounted  with  Canada  balsam  dissolved  in  xylol. 

It  is  sometimes  desirable  to  stain  the  bacteria  one  colour  and  the 
rest  of  the  specimen  another.  This  may  be  done  by  first  of  all  staining 
the  cell-protoplasm  with  eosin,  and  afterwards  the  nuclei  of  the  cells 
and  the  bacteria  with  methylene  blue  or  some  other  contrast-stain.  If, 
however,  some  special  means  be  taken  to  fix  the  dye  in  the  bacteria, 
as  by  the  use  of  aniline  oil,  carbolic  acid,  alkalies,  heat,  or  j)rolonged 
staining,  it  is  possible  to  stain  some  organisms  so  that  they  will  retain 
the  dye,  even  when  they  are  acted  on  by  a  solution  of  nitric  acid 
(l  in  o),  which  decolourises  everything  else,  including  other  kinds  of 
bacteria.  After  the  acid  has  been  washed  off,  the  decolourised  j)arti^ 
may  be  stained  with  some  contrast- colour — e.g.,  vesuvin  or  methylene 
blue.  The  chief  pathogenic  fungi  known  to  stain  in  this  way  are  the 
bacilli  of  tuberculosis  and  of  leprosy.  The  bacilli  of  tuberculosis  arc 
now  constantly  sought  for  in  pus,  in  sputum,  and  in  urine,  either  for 
purposes  of  diagnosis,  or  to  learn  the  result  of  treatment.  For  the 
examination  of  fluids  for  this  organism  the  Ziehl-Neelsen  stain  is 
generally  employed,  After  staining  in  the  warm  fluid  for  some 
mmutes,  the  films  are  decolourised  with  a  20  per  cent,  solution  of 
nitric  acid,  washed  in  alcohol,  then  in  water,  and  subsequently  counter- 
stained  with  a  solution  of  methylene  blue  (half  a  minute)  or  Bismarck 
brown  (three  minutes),  and  finally  washed,  dried  and  mounted. 

A  method  of  very  general  use  in  the  search  for  bacteria  was  intro- 
duced by  Gram  of  Copenhagen.  Prepared  covei'-glasses  are  soaked 
for  some  minutes,  and  sections  for  some  hours,  in  Ehi'lich's  solution  of 
gentian  violet,*  until  they  are  deeply  stained.  They  are  then  placed 
on  or  in  a  solution  of  iodinef  until  they  turn  brown  [i.e.,  two  or  three 
minutes).  The  specimens  are  next  decolourised  in  alcohol,  counter- 
stained,  if  necessary,  with  eosin  or  Bismarck  brown,  dried  and  finally 
mounted  in  Canada  balsam.  Some  organisms  remain  deeply  stained, 
but  some— such  as  the  gonococcus  and  Friedlsinder's  pneumo-bacillus — 
are  decolourised.  This  method  of  staining  often  helps  to  distinguish 
allied  forms  of  bacteria. 

When  tissues  are  to  be  examined,  small  pieces  should  be  placed, 
as  soou  as  pojsible  after  death,  in  strong  methylated  spirit  or  in  abso- 
lute alcohol.  When  thoroughly  hardened,  sections  should  be  cut  in 
paraffin,  as  they  must  be  very  thin.  The  sections  are  stained  for 
twelve  hours  or  longer  in  a  one  per  cent,  freshly  filtered  watery 
solution  of  the  dye  selected,  or  for  a  shorter  time  in  a  stronger  solution 
(warmed).  Some  workers  next  transfer  the  stained  section  to  a 
one  per  cent,  solution  of  glacial  acetic  acid,  then  to  absolute  alcohol, 
and  finally  to  whatever  clarifying  agent  is  employed  (cedar  oil,  xylol. 

•  Saturated  alcoholic  solution  of  gentian  violet,  5  c.c.  ;  aniline  water,  100  c.c. 
t  Iodine,  I  grm.  ;  potassium  iodide,  2  grni.  ;  water,  300  c.c. 
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coal-tar  naphtha) :  others  omit  the  acetic  acid.  Each  of  these  fluids 
dissolves  some  of  the  dye  out  of  the  tissue,  and  the  difficulty  is  to  reduce 
this  effect  to  a  minimum.  It  is  best,  therefore,  at  first  to  take  only 
one  section  at  a  time  out  of  the  staining  fluid.  One  or  two  trials 
will  show  how  long  the  section  must  be  left  in  each  fluid  in  order  that 
it  may  finally  retain  a  i-ather  pale  colour.  The  specimen  is  then 
mounted  in  Canada  balsam  dissolved  in  xylol. 

If  a  blue  or  violet  stain  has  been  used,  the  sections,  after  Avashing  in 
alcohol,  may  be  dipped  in  water  for  a  moment,  and  then  placed  in 
eosin-  or  carmine-solution  for  an  hour  ;  the  tissue-elements  acquire  a  red 
tint,  whilst  the  organisms  remain  blue  or  violet.  The  sections  must 
now  be  placed  in  alcohol.  The  subsequent  stages  are  the  same  as 
before. 

To  examine  tissues  for  B.  tuberculosis  or  B.  leprae,  the  Ziehl-Neelsen 
stain*  is  the  best.  Place  the  sections  in  the  fuchsine  solution,  and  leave 
them  in  a  warm  place  for  at  least  two  hours  ;  then  transfer  them  to  the 
nitric  acid  solution  and  leave  them  until  the  colour  is  almost  gone  ; 
then  rinse  them  in  water  and  put  them  into  methylene  blue  for  an 
hour.  Next  pass  them  through  absolute  alcohol  and  whatever  clear- 
ing reagent  is  used,  and  then  mount  as  before.  B.  tuberculosis  and 
B.  leprae  will  appear  as  red  rods  on  a  blue  ground  ;  all  other  organisms 
jjresent  will  be  blue. 

With  loose  sections  it  is  a  good  plan  to  use  the  glass  slide  as  a 
section-lifter,  pushing  it  obliquely  into  the  xylol  or  the  alcohol,  and 
there  spreading  the  section  out  upon  it.  Large  vessels  and  plenty  of 
the  fluid  must  be  used  for  this  purpose. 

With  large  organisms,  or  with  successful  contrast-staining,  a  magni- 
fying power  of  500  diameters  and  ordinary  illumination  will  be  sufficient 
for  most  clinical  purposes ;  but  for  the  smaller  fungi  and  for  accurate 
observation  an  oil-immersion  lens,  and  a  sub-stage  condenser  of  very 
wide  angular  aperture,  are  necessary. 

II.  Cultivation  of  Micro-organisms. — When  the  presence  of 
organisms  in  a  fluid  or  tissue  has  been  determined,  it  may  be  necessary 
to  cultivate  them,  in  order  either  to  study  their  life-conditions  or  to 
separate  them  from  all  other  species  and  other  matter.  Cultivations 
may  be  made  in  fluids  or  on  solids,  previously  sterilised,  in  order  to 
ensure  the  absence  of  any  living  organisms  other  than  those  purposely 
introduced. 

Heat  is  invariably  employed  as  the  sterilising  agent,  as  chemical 
germicides  cannot  be  removed,  and  their  continued  presence  vitiates 
the  results. 

Moist  heat  is  the  most  useful  agent.    Instruments,  boiled  for  ten 

•  Dissolve  one  gramme  of  fuchsine  in  ten  c.c.  of  alcohol,  and  add  a  hundred  c.c.  of 
a  watery  solution  of  carbolic  acid  (i  in  20). 
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minutes,  are,  under  ordinary  circumstances,  efficiently  sterilised;  though, 
if  spores  be  present,  boiling  for  an  hour  is  essential.  This  method  is 
especially  suitable  for  steel  instruments,  as  they  are  injured  less  by 
moist  than  by  dry  heat.  Steaming  at  a  temperature  of  100'  C.  prac- 
tically fulfils  the  same  j)urpose  as  boiling,  though  continuous  steaming 
for  an  hour  and  a  half  is  necessary  to  destroy  spores.  Equally  good 
results  can  be  obtained  by  steaming  for  a  quarter  of  an  hour  on  each 
of  three  successive  days  (p.  26' 1).  To  shorten  the  procedure  as  far  as 
possible,  sterilisation  is  often  effected  by  steaming  under  pressure, 
which  is  increased  so  that  the  water  will  not  boil  until  a  temperature 
of  115°  C.  is  reached.  Steaming  under  the.se  circumstances  will 
effectual^  sterilise  in  a  quarter  of  an  hour.  Many  media  are,  however, 
damaged  by  any  of  the  preceding  method.s — e.g.,  blood-serum,  which 
coagulates  at  60°  C.  To  sterilise  media  without  damaging  them  by 
heat,  it  is  customai*y  to  subject  them  to  a  temperature  of  57"  C.  or  58"  C. 
for  one  hour  on  each  of  four  consecutive  days. 

Dn/  heat,  although  less  efficacious  than  the  same  degree  of  moist 
heat,  is  used  for  two  purposes.  (1)  Platinum  needles  and  cover- 
glasses  may  be  sterilised  by  being  passed  through  a  Bunsen-flame  and 
heated  to  a  dull  i-ed.  (2)  Apparatus,  especially  when  made  of  glass, 
can  be  sterilised  in  a  temperature  of  l60°  C.  to  180°  C.  In  this  way 
the  apparatus  is  kept  dry  and  ready  for  immediate  use.  To  avoid 
fracture  the  temperature  must  be  gradually  raised  and  gradually 
lowered. 

Culture-media  may  be  fluid  or  solid.  Fhdd  media  were  the  first 
employed.  To  sterilised  broth  or  other  fluid  containing  some  material 
likely  to  afford  nutinment  for  the  organisms  under  investigation,  a  small 
quantity  of  the  substance  suspected  to  contain  them  was  added.  Under 
suitable  conditions  (p.  258)  the  organisms  grew,  and  the  fluid  became 
turbid.  A  small  quantity  of  this  culture-fluid  was  then  placed  in 
another  flask  containing  a  similar  medium,  and  so  on  until  the  culture 
was  freed  from  all  material  incapable  of  growth.  If  more  than  one 
kind  of  fungus  is  inoculated  in  the  first  instance,  it  may  be  impossible 
hy  this  means  to  ensure  a  pure  cultivation  of  any  of  the  original 
organisms. 

Koch  introduced  transparent  solid  culture-media.  To  clear  meat- 
broths  peptone  is  added,  and  the  mixture  stiffened  by  the  addition 
of  sufficient  gelatine  (five  to  ten  per  cent.)  to  render  it  solid 
at  65°  to  80°  F.,  at  which  temperature  most  fungi  will  grow  fairly. 
Agar-agar,  obtained  from  dried  seaweed,  is  now  used  (one  to  two 
per  cent.)  to  stiffen  fluids  required  to  remain  solid  at  temperatures 
above  that  of  the  melling-j5oint  of  gelatine,  in  order  that  the  life- 
conditions  of  organisms  at  any  temperature  possible  in  the  body  m.ay 
be  determined.  Solidified  blood-serum,  potatoes,  milk,  and  other 
media  are  also  employed.     The  employment  of  solid  media  was  a 
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great  advance  in  practical  bacteriology,  as  it  enabled  investigators, 
by  cultivation,  to  free  one  species  from  all  other  species  and  other 
matter,  as  well  as  to  observe  any  distinctive  characters  assumed  by 
organisms  growing  on  special  media,  and  to  ascertain  the  conditions 
and  products  of  growth  of  bacteria  in  substances  resembling  as  closely 
as  possible  the  animal  tissues  in  which  the  bacteria  are  known  to 
thrive.  It  will  be  readily  understood  that  for  these  purposes  a  very 
large  number  of  different  media  are  required.  Media  in  a  fluid  state 
are  still  necessary  for  the  inoculation  of  animals,  for  the  separation  of 
the  products  of  bacteria  by  filtration,  and  for  experiments  on  the 
germicidal  influence  of  diffei'ent  chemicals.  In  all  cases  the  nutrient- 
media  must  be  carefully  sterilised ;  and  in  inoculating  a  culture- 
I  tube  great  care  must  be  taken  to  prevent  contamination  from  the 
air  or  apparatus. 

Transparent  solid  media  are  generally  employed  in  one  of  two 
ways. 

o.  Tube-cultures. — Fill  the  lower  third  of  a  test-tube  with  the 
selected  culture-medium ;  insert  a  plug  of  cotton-wool  into  the  orifice 
of  the  tube ;  sterilise  according  to  the  method  just  described,  and 
then  set  the  tube  aside  to  cool, 
either  in  a  vertical  or  an  oblique 
position,  according  to  whether 
depth  or  surface  is  required.  This 
and  the  following  details  are  shown 
in  Fig.  148.  To  make  a  cultivation 
on  the  medium  thus  prepared  re- 
move the  plug  from  one  of  the 
tubes,  then  with  a  sterilised  plati- 
num wire  take  some  of  the  sus- 
pected material  and  transferittothe 
culture-ground,  stabbing  or  smear- 
ing this  with  the  wire  (Fig.  148). 
Re-insert  the  plug,  and  put  the 
tube — the  right  way  up — in  an  in- 
cubating chamber  under  such  con- 
ditions of  temperature  as  may  be  ^, 
desired. 

Colonies  of  organisms  will  gra- 
duallyappear(l)on  thesurface  only, 
if  oxygen  is  essential  (aerobic) ;  (2)  in  the  lower  part  of  the  track 
only,  if  oxygen  is  fatal  (anaerobic) ;.  or  (3)  on  the  surface  and  along  the 
track,  if  the  presence  of  oxygen  is  a  matter  of  comparative  indifference. 
In  some  cases  the  form  of  the  growth  is  characteristic  (Fig.  150);  in 
others  the  media  are  liquefied  in  some  peculiar  and,  thei-efore,  diag- 
nostic manner  (Fig.  149). 


Fig.  Culture  Tubes. 

Tube  prepared  for  "stab"  culture. 
Tube  prepared  for  "  streak "  or  "smear  '' 
culture. 

Method  of  making  "stab"  culture.   It  is 
now  customary  not  to  invert  the  tube. 
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/3.  Plate-cultures. — Warm  the  medium  until  it  is  just  fluid,  and 
inoculate  a  tube  as  before,  but  without  inversion ;  gently  agitate  the 


Fig.  149. — Diagram7iiatic  Representation  of  various  Forms  0/  Stab-Culture. 

a.  An  aerobic  organism — grows  therefore  only  on  surface. 

b.  An  anaerobic  organism — grows  therefore  only  beneath  the  surface. 

c.  An  organism  indifferent  to  the  presence  of  air — grows  therefore  on  and 

beneath  surface. 

d.  An  aerobic  organism  which  liquefies  gelatine. 

e.  An  aerobic  but  capably  anaerobic  organism,  which  also  liquefies  gela- 

tine, but  in  a  different  manner  to  d. 

contents,  inoculate  a  second  tube  from  the  first,  and  then  a  third  from 
the  second.  Pour  the  contents  of  each  on  to  separate  glass  dishes,  and 
keep  these  in  glass-covered  chambers  under  the  desired  conditions. 

Isolated  colonies  will  gradually 
0^XIZ>i  f^^^-^^^-n  f'^^^^n    develojD  in  different  proportions 

'I  '1     on  each  plate,  and,  if  very  numer- 

ous, may  run  together.  Different 
organisms  will  produce  colonies 
differing  in  appearance.  Tubes 
can  be  subsequently  inoculated 
from  any  of  these  colonies  which 
it  is  desired  to  isolate.  Thus,  for 
each  organism  we  can  ascertain 
the  influence  of  different  tem- 
peratures, media,  and  gases,  as  well 
as  sej)arate  one  organism  from  any 
others  that  may  have  been  simul- 
taneously introduced. 

To  examine  air,  a  glass  plate 
covered  with  gelatine-peptone  may 
be  exposed  for  a  given  time,  and  then  kept  under  a  moist  bell-jar: 
colonies  will  grow  wherever  germs  have  fallen,  and  any  of  them  can  be 
subsequently  cultivated  in  tubes.    Again,  a  portion  of  earth  or  tissue 


Fig.  150.  —  Tube-cultures,  showing  pecu- 
liarities of  growths  along  the  Imes  of  punc- 
ture.   (After  Sternberg. ) 
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may  be  broken  up  in  sterilised  watei',  and  a  little  of  this  may  be  shaken 
with  sterilised  peptone-gelatine  ;  the  latter  is  then  poured  on  a  plate 
and  allowed  to  set.  Most  frequently  such  cultivations  are  carried  on 
in  test-tubes,  inoculated  with  a  platinum  wire  heated  to  redness  and 
allowed  to  cool  just  before  it  is  dipped  into  the  substance  to  be 
examined.  A  puncture  with  it  is  then  made  into  the  gel.atine.  A 
veiy  handy  method  of  cultivation  is  the  inoculation  of  slices  of 
recently  boiled  potato,  cut  with  a  sterilised  knife,  and  kept  under  a 
bell-jar  in  moist  air. 

In  all  experiments  the  apparatus  must  be  carefully  sterilised,  and 
each  procedure  carried  on  in  as  still  and  pure  an  atmosphere  as 
possible. 

CLASSIFICATION.— Until  recently,  the  possibility  of  the 
variability  of  bacteria  was  much  discussed.     It  was  considered  by 


Fig.  151. — Cladothrix  dichotoina.       Fig.  152.  — Actinomyces  hoininis, 
showing  false  branching,   x  1000.  show  ing  true  branching,    x  1000. 

some  observers  that  many  bacteria,  differing  in  shape,  characters  and 
pathogenic  effects,  and  hence  regarded  as  belonging  to  different 
species,  were  really  only  modifications  of  a  single  form.  It  is,  how- 
ever, now  genei'ally  agreed  that  no  kind  of  bacterium,  however  nearly 
it  may  resemble  another,  ever  becomes  converted  into  it ;  e.g.,  the 
smegma-bacillus  is  never  converted  into  the  tubercle-bacillus,  nor  the 
Bacillus  coli  into  the  Bacillus  typhosus.  Certain  characteristics  may 
be  for  a  time  modified :  the  virulence,  as  has  been  pointed  out,  is 
liable  to  much  variability ;  and  the  capacity  to  form  spores  may  depend 
upon  the  temporai-y  environment. 

Notwithstanding  the  general  agreement  on  the  individuality  of  the 
various  forms  of  bacteria,  our  knowledge  is  still  too  limited  to  enable 
us  to  classify  them  with  any  pretence  to  accuracy.    The  simpler  forms 
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are  spoken  of  as  (1)  cocci,  (2)  haci//i,  and  (3)  xpiril/a— the  classifi- 
cation depending  on  their  roughest  morpliological  diameters  (p.  2,0.'i). 
The  more  complex  bacteria,  Avhich  form  the  connecting  link  with 
the  higher  forms  of  fungi,  are  sometimes  classified  according  to  the 
structure  of  the  filaments,  the  appearance  of  the  protoplasm,  and 
the  existence  of  branching.  Thus,  Muir  and  Ritchie  classify  freely- 
moving  septate  filaments  containing  sulphur-granules  as  members  of 
the  Beggiatoa  group;  similar  filaments,  fixed  at  one  end  and  developing 
from  the  other,  as  members  of  the  Thiothrix  group ;  and  filaments  like 
thiothrix,  but  destitute  of  sulphur-granules,  as  members  of  the 
Leptothrix  group.  In  the  same  way  filaments  that  branch  by  the 
laberal  displacement  of  a  cell  undergoing  ordinary  subdivision  are 
classified  as  members  of  the  Cladothrix  group  (Fig.  151),  and  non- 
septate  filaments,  undergoing  true  dichotomous  branching,  as  members 
of  the  Streptothrix  group.    (Fig.  152.) 

Infective  Diseases. 

VARIETIES. — The  acute  specific  diseases,  to  which  allusion  has 
so  often  been  made,  are  now  regarded  as  forming  only  a  class  in  the  much 
larger  group  oi Infective  Diseases.  An  infective  disease  may  be  defined  as 
a  disease  due  to  the  action  of  a  poison  or  virus  which  has  the  power  of 
invading  and  multiplying  in  or  on  living  tissues.  Infective  diseases  may 
be  local  or  general,  just  as  the  effects  of  organisms  may  be  local  or 
general  (p.  267). 

There  is  at  present  no  satisfactory  classification  of  infective  diseases. 
They  are  generally  grouped  according  to  the  acuteness  of  their  course, 
the  nature  and  distribution  of  their  lesions,  and  such  prominent 
clinical  characters  as  they  may  possess.  The  seat  of  the  micro- 
organisms has  been  suggested  as  a  basis  for  classification.  Three 
groups  might  in  this  way  be  made — ■(!)  those  due  to  organisms  which 
do  not  penetrate  beneath  the  surface,  but  discharge  their  products 
into  the  blood ;  (2)  organisms  which  thrive  in  the  tissues  and  produce 
local  effects  ;  and  (3)  organisms  which  enter  the  circulation  and  thrive 
in  the  blood.  In  the  majoi'ity  of  cases,  however,  it  is  still  impossible 
to  say  in  which  of  these  groups  a  given  instance  should  be  placed. 

ETIOLOGY  There  is,  on   the  strength  of  the  analogy 

which  exists  between  fermentation  and  infective  diseases  (p.  252),  a 
jjiimd  facie  case  in  favour  of  the  germ-theory  as  applied  to  the  infective 
diseases.  Moreover,  it  will  be  found  upon  examination  of  the  evidence 
yielded  by  actual  observation  of  these  diseases,  and  by  experiments 
upon  animals,  that  the  demonstration  of  the  causal  relationship  of 
organisms  to  thein  is  in  some  cases  as  complete  as  it  is  in  the  case  of 
fermentation,  although  in  the  gi-eat  majority  the  proof  is  still  more  or 
less  doubtful. 
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To  prove  thai  a  micro-organism  is  the  cause  of  a  disease,  it  is 
necessary : 

1 .  That  the  organism  in  question,  as  recognised  by  its  form,  mode 
of  growth,  or  products,  be  found  constantly  associated  with  the 
disease,  at  least  in  its  earlier  stages ;  and  in  sufficient  numbers  to 

,  account  for  the  symptoms. 

2.  That  "  pure  "  cultivations  of  this  organism  through  several  gener- 
ations be  made,  until  it  may  reasonably  be  supposed  that  everything, 
which  could  possibly  have  been  taken  from  the  animal  that  yielded 
the  virus,  has  disappeared. 

3.  That  other  susceptible  animals  be  inoculated  with  the  cultivated 
organism,  and  that  the  disease  be  thus  reproduced. 

4.  That  the  same  organism  be  found  in  the  tissues  of  the  success- 
fully inoculated  animals,  in  such  numbers  and  with  such  a  distribution 
as  to  account  for  the  disease. 

Sidney  Martin  has  suggested  that  the  chemical  products  of  the 
organism,  obtained  from  the  tissues  of  the  animal  or  person  dead  of 
the  disease,  must  correspond  with  those  obtained  from  cultures  of  the 
organism  in  media  resembling  as  nearly  as  possible  in  chemical  com- 
position those  tissues  in  which  the  organisms  are  found  in  disease. 

The  demonstration  of  a  well-characlerised  organism  in  constant  asso- 
ciation with  a  disease  is  now  by  many  taken  as  almost  equivalent  to 
proof  that  it  is  the  cause  of  the  morbid  process,  for  it  is  in  most  cases 
impossible  to  experiment  on  man,  and  fi-equently  no  animal  can  be 
found  which  suffers  from  the  disease  under  investigation.  In  such 
cases  the  proof  cannot  be  carried  beyond  the  first  stage. 

IMMUNITY. — Some  specific  diseases  tend  to  recur  again  and 
again  in  the  same  individual  Of  these,  diphtheria  and  pneumonia 
are  prominent  examples.  Other  diseases  seem  to  show  a  precisely 
opposite  tendency.  To  have  suffered  once  from  one  of  them  is  to 
have  secured  almost  certain  freedom  from  a  second  invasion.  Freedom 
thus  ensured  is  known  as  acquired  immuniiij.  Persons,  for  example,  who 
have  had  small-pox  are  said  to  be  immune  against  a  second  attack. 
The  same  is  practically  true  of  typhoid  fever,  measles,  and  other 
specific  diseases.  It  is  by  no  means  certain  how  long  such  immunity 
lasts,  and  in  man  there  are  no  means  of  definitely  ascertaining  its 
duration.  Indeed,  there  is  good  reason  for  believing  that  pneumonia 
is  as  certainly  followed  by  a  period  of  immunity  as  is  small-pox,  but 
that  the  immunity  lasts  a  much  shorter  time  in  the  former  disease  than 
it  does  in  the  latter.  Again,  certain  diseases  which  are  common  in  some 
species  of  animals  are  practically  unknown  in  others  very  closely  allied 
to  them.  Thus,  tuberculosis  is  common  in  pigs  and  cows,  but  exces- 
sively rare  in  sheep,  goats,  horses,  and  asses.  Mice  fall  a  ready  prey 
to  anthrax,  while  rats  escape  unharmed.    Accordingly,  pigs  and  cows 
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are  said  to  hesiisceplible  to  tuberclulosis  ;  while  sheej),  goats,  horses  and 
asses  are,  on  the  contrary,  said  to  be  inimuiie  against  it.  The  exact  con- 
ditions on  which  this  susceptibihty  or  immunity  depend  are  unknown. 
To  distinguish  it  from  the  acquired  form,  it  is  known  as  natural  or 
inlimtcd  imminiili/.  When  an  animal  is  only  slightly  susceptible,  it  is 
often  termed  irJ'irKion/.  Natm-al  immunity  is  rarely  if  ever  absolute. 
In  comparative  pathology  immunity  seems  to  depend  more  upon  the 
bactericidal  properties  of  the  serum  than  upon  phagocytosis.  Neither 
hypothesis,  however,  affords  a  sufficient  explanation  of  all  known  facts. 

In  human  ))athology  there  are  also  many  examples  of  these  j)eculi- 
arities.  Negroes  are  immune  against  yellow  fever :  white  races  are 
susceptible.  A  nurse  in  a  fever  hospital  may  never  have  had  scarlet 
fever^  and  yet  may  continue  to  resist  all  exposure  to  the  infection. 
It  may  be  that  inherited  immunity  is  due  to  the  handing  down  to 
offspring  of  that  acquired  by  ancestors.  Thus  races,  among  which 
certain  acute  fevers  (like  measles)  are  common,  suffer  much  less 
severely  than  those  among  whom  the  disease  appears  onlj'  at  very- 
long  intervals.  The  complete  immunity  of  the  negro  to  yellow  fever 
is  generally  accounted  for  by  supposing  that  those  who  could  resist 
the  disease  best  would,  by  living  longest  and  having  most  children,  be 
most  likely  to  hand  on  their  peculiarities  to  the  succeeding  genera- 
tion :  and  further,  that  the  degree  of  immunity  thus  gained  would  be 
sti'engthened  by  the  intermarriage  of  those  already  partly  immune. 
But  this  explanation  offers  no  adequate  reason  for  the  peculiar  sporadic 
immunity  enjoyed  by  some  individuals,  as  in  the  case  of  the  fe\'er- 
nurse  just  cited.  Occasionally,  this  sort  of  immunity  is  more  apparent 
than  real.  Two  medical  students  paid  almost  daily  visits  to  scarlet 
fever  wards  for  several  months,  and  failed  to  contract  the  disease ; 
but  late  one  afternoon,  on  entering  the  wards  much  exhausted  by 
severe  exercise  and  a  fast  of  five  hours,  both  took  the  disease  in 
a  severe  form,  and  one  died. 

Artificially-acquired  Immunity. — Three  forms  of  preventive 
inoculation  have  been  eiTiployed  to  secure  immunity  from  disease, 
or  to  arrest  the  development  of  contagia  that  have  already  reached 
the  tissues. 

1.  Inoculation  with  the  attenuated  virus  of  the  original  disease. 

2.  Inoculation  with  the  dead  bodies  or  the  chemical  products  of  the 
organisms  of  the  original  disease. 

3.  Inoculation  with  serum  obtained  from  an  animal  that  has  been 
treated  by  one  of  the  two  preceding  methods. 

The  first  two  of  these  comprise  what  is  known  as  active  or  dirccl 
immunity  :  the  third,  passive  or  indirect  immunity. 

1.  It  has  been  well  known  since  the  sixth  century  that  the  artificial 
inoculation  of  small-pox  produces,  on  the  one  hand,  a  mild  form  of  the 
disease,  and,  on  the  other,  confers  upon  its  subject  immunity  against  a 
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second  attack.  In  one  country  after  another  it  lias  for  a  time  been 
the  custom  to  practise  inoculation  to  ensure  this  result.  It  has 
also  long  been  recognised  that  epidemics  vary  in  severity,  and  that 
mild  attacks  and  severe  attacks  are  equally  efficacious  in  securing 
immunity. 

Pasteur  was  the  first  to  place  preventive  inoculation  on  a  scientific 
basis.  He  demonstrated  that  the  virulence  of  some  contagia  can  be 
varied  by  experimental  procedures.  In  the  case  of  chicken-cholera,  he 
showed  that  by  exposing  cultures  of  the  bacillus  to  the  air  for  long 
periods  its  vii-ulence  became  so  reduced  that  inoculation  of  the  weakened 
or  attenuated  organisms  gave  rise  to  a  comparatively  mild  disorder,  which, 
however,  sufficed  to  secure  immunity  against  subsequent  attacks. 
Other  observers  have  since  shown  that  the  virulence  of  many  other 
organisms  can  also  be  modified  (p.  272),  and  that  the  organisms  can  be 
kept  in  their  attenuated  condition  thi'ough  several  cultivations,  though 
there  seems  to  be  a  general  tendency  for  them  to  return  to  their 
previous  degree  of  virulence.  The  attenuation  is  generally  effected  by 
one  of  two  methods. 

(1)  A  series  of  animals  is  experimentally  selected,  generally  on 
account  of  their  slight  susceptibility  to  the  disease  in  question. 
Successive  inoculations  are  then  made  from  one  to  another,  until  it 
is  found  that  the  desired  degree  of  attenuation  has  been  reached. 
(2)  Cultures  of  ordinary  virulence  are  exposed  to  the  aii',  or  to  an 
increased  temperature  only  slightly  below  the  fatal  limit,  or  to  the 
action  of  small  doses  of  various  antiseptics,  Pasteur's  treatment  of 
persons  bitten  by  rabid  animals  is  the  best  known  illustration  of  this 
method,  though  no  hydrophobia- organism  has  yet  been  discovered. 
By  a  series  of  successive  inoculations,  a  special  virus  is  jirepared  which 
is  known  to  have — when  injected  into  rabbits — a  constant  incubation 
period  of  six  days.  Rabbits  are  inoculated  with  this  virus,  and  their 
spinal  cords  are  subsequently  dried  very  gradually  in  the  presence  of 
caustic  potash.  The  longer  the  drying  is  continued,  the  weaker  the 
vii'us  becomes.  If  an  emulsion  of  a  cord,  that  has  been  dried  for  six 
days,  be  made,  and  inoculated  upon  rabbits,  it  entirely  fails  to  produce 
the  disease.  Pasteur's  method  is  to  give  ten  injections,  extending 
over  four  days,  according  to  the  following  table  : 

First  injection,  ist  day,  Emulsion  of  cord  dried  ten  days. 
Second  ,,       ist    ,,  ,,        ,,       ,,        nine  ,, 

Third     ,,       ist    ,,  ,,        ,,       ,,        eight  ,, 

Fourth    ,,       and  ,,  .,        ,,       ,,  seven,, 

Fifth      ,,       2nd  ,,  ,,        ,,       ,,        six  ,, 

Sixth      ,        2nd  ,,  ,,        ,,       ,,        five  ,, 

Seventh  ,,       3rd   ,,  ,,        ,,       ,,        four  ,, 

Eighth    ,,       3rd   ,,  ,,        ,,       ,,        three  ,, 

Ninth      ,,       3rd   ,,  ,,         ,,       ,,        two  ,, 

Tenth     ,,       4th   ,,  ,,        ,,       ,,        one  day. 
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After  three  clays  a  few  more  injections  are  given  daily,  and  the 
jiroeess  is  complete.  Statistics  are  strongly  in  favour  of  the  eflicacy  of 
the  method.  There  is  generally  plenty  of  time  to  carry  it  out,  as  the 
incubation-period  of  hydrojihobia  in  Man  is  never  less  than  twelve 
days  and  usually  about  six  weeks. 

This  method  of  securing  immunity  is  not  applicable  to  the  vast 
majority  of  sjiecific  diseases.  On  the  one  hand,  certain  organisms, 
such  as  the  tubercle-bacillus,  have  hitherto  defied  all  efforts  made  to 
attenuate  them,  and,  on  the  other  hand,  there  is  some  risk,  even  after 
attenuation  of  the  organisms,  that  the  inoculated  disease  may  be 
produced  in  a  virulent  form. 

2.  To  avoid  this  latter  danger  the  chemical  products  have  been 
freed  from  the  living  organisms  and  injected  alone,  or  the  organisms 
have  been  killed  and  then  injected.  The  organisms  can  be  removed 
by  filtering  fluid  cultures  through  porcelain ;  or  they  may  be  killed  bv 
the  action  of  heat,  or  of  some  volatile  antiseptic,  such  as  oil  of  mustard, 
which  can  be  subsequently  removed.  Sometimes  the  full  degree  of 
immunity  attainable  is  reached  after  two  or  three  injections,  but  in 
other  diseases  and  other  animals  the  injections  have  to  be  repeated 
every  two  or  three  days  for  several  weeks  or  even  months.  Immunity 
thus  conferred  is  not  alwaj's  very  certain,  nor  of  long  duration  ;  and  the 
method  is  not  attended  with  favourable  results  in  those  cases  in  which 
exposure  to  infection  precedes  its  application. 

Haifkine's  vaccination  against  cholera  illustrates  both  this  and  the 
preceding  method.  He  employs  two  vaccines.  One  is  made  from  an 
attenuated  virus,  the  other  from  an  exalted  virus.  The  attenuated 
virus  is  prepared  by  cultivating  the  cholera-spiidlla  in  aerated  media  at 
a  temperature  of  39°  C.  (102-2°  F.).  The  exalted  virus  is  prepared  in 
the  following  maimer :  A  pure  culture  of  the  organism  is  introduced 
into  the  peritoneal  cavity  of  a  guinea-pig.  Death  follows  m  twenty- 
four  hours.  The  jjeritoneal  fluid  is  immediately  removed  and  another 
guinea-pig  similarly  inoculated.  This  process  is  continued  through  a 
series  of  animals  until  the  interval  between  inoculation  and  death  falls 
to  its  lowest  limit.  Persons  to  be  protected  are  vaccinated  two  or 
three  times.  On  the  first  two  occasions  the  attenuated  ^arus  is  used  ; 
on  the  last,  three  to  five  days  afterwards,  the  exalted  virus.  The 
vaccination  is  supposed  to  produce  a  sufficient  tolerance  to  the  cholera- 
poison  to  enable  the  body  to  "  react "  more  vigorously  when  attacked 
in  the  ordinary  way.  Sometimes  the  limng  cultures  are  used,  but  more 
often  the  vaccine  is  slerilixed  by  the  addition  of  carbolic  acid.  Prepared 
thus  the  fluid  can  be  more  easily  preserved,  and  can  be  introduced  with 
less  risk  ;  but,  as  in  other  cases,  the  results  are  neither  so  certain  nor  so 
prolonged. 

3.  These  results  led  Behi-ing  in  18.90  to  examine  the  serum  of 
animals  thus  immunised,  and  since  that  time  many  observers  have 
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followed  in  his  footsteps.  In  the  case  of  tetanus,  the  serum  of  im- 
munised rabbits  was  used,  and  three  very  remarkable  results  were 
established.     It  was  found  that : 

(1)  Repeated  injections  of  this  serum  will  render  mice,  which  are 
particularly  susceptible  to  the  disease,  absolutely  immune. 

(2)  The  addition  of  the  serum  to  living  or  to  sterilised  cultures 
of  the  bacillus  will  completely  destroy  the  pathogenic  power  of 
each. 

(3)  The  injection  of  the  serum  into  animals  already  suffering  ft'om 
tetanus  will  not  infrequently  lead  to  absolute  recovery. 

Furthermore,  it  Avas  found  that,  while  the  ordinary  serum  of  a 
naturally  immune  animal  possessed  none  of  these  properties,  they 
could  be  developed  by  a  series  of  similar  inoculations. 

This  method,  when  applied  to  the  treatment  of  disease  already 
contracted,  is  known  as  serum-therapeutics,  or  treatment  by  anti-toxin. 
It  is  employed  in  tetanus  and  in  diphtheria.  The  different  stages 
comprising  the  whole  process  varj^  somewhat.  In  the  case  of  diphtheria, 
the  procedure  adopted  is,  according  to  one  method,  as  follows  : 

(1)  A  pure  culture  of  the  Bacillus  diphthena:  (Loeffler)  is  made 
in  some  medium  giving  a  toxine  of  the  greatest  virulence. 

(2)  The  organisms  are  removed  by  filtration  through  porcelain. 

(3)  The  toxine  thus  olitained  is  injected  into  the  subcutaneous 
tissue  of  a  hoi'se  in  small  quantities,  two  or  three  times  a  week, 
until  no  reaction  follows.  Later  injections  are  made  into  the  jugular 
vein.    This  period  extends  over  from  one  to  three  months. 

(4')  Some  of  the  blood  is  then  withdrawn,  and  the  serum  is 
separated,  sterilised,  and  stored  for  subsequent  use. 

(5)  When  required  for  the  treatment  of  diphtheria,  a  dose  is 
injected  under  the  skin.  Additional  doses  may  be  necessary.  Improve- 
ment follows  in  the  course  of  twenty-four  hours. 

The  strength  of  the  anti-toxic  serum  is  estimated  by  its  capacity 
for  neutralising  the  toxines,  so  1;hat  if  the  two  are  mixed  and  injected 
together  no  injurious  effect  of  any  kind  will  result.  The  "immunity- 
unit"  is  generally  taken,  except  in  Roux's  method,  as  ten  times  the 
amount  required  to  neutralise  the  minimum  fatal  dose  for  a  guinea-pig 
weighing  250  grms.  In  human  diphtheria  a  dose  of  1500  to  4000 
units  is  employed.  The  active  principle  contained  in  the  serum  is 
unknown. 

Attempts  have  been  made  to  deal  with  tubercular  disease  in  the 
same  manner.  The  tubercle-bacillus  has,  however,  successfully  resisted 
all  attempts  made  to  attenuate  it ;  and  to  inject  the  organism  in  its 
ordinary  degree  of  virulence  is  simply  to  inoculate  the  disease  fr(mi 
which  immunity  or  relief  is  sought.  An  advance  was  made  by  Koch, 
who  prepared  a  sterilised  extract  of  its  products,  which  was  known  as 
"  tuberculin."  This,  when  injected,  produces  an  inflammatory  reaction 
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around  the  diseased  foci,  and  may  give  rise  to  fresh  tuberculous 
nodules.  At  the  present  time,  ex])eriments  are  being  made  to  discover 
an  antitoxin  analogous  to  that  just  described  in  connection  with 
diphtheria. 

Anti-streptococcic  serum  and  many  other  forms  known  as  avti-viwrohw 
sera  are  obtained  by  immunising  animals  by  the  injection  of  attenuated, 
and  later  on  of  virulent,  cultures.  The  serum  obtained  from  these 
animals  is  used  for  therapeutic  purposes. 

Theories  of  Immunity. — Much  controversy  has  taken  place 
during  the  last  few  years  concerning  the  real  nature  of  the  immunity 
which  has  been  discussed  in  the  preceding  pages. 

It  is  well  known  that  immunity  against  some  chemical  substances 
can  be  obtained  by  certain  persons.  Opium-eating  and  arsenic- eating 
are  illustrations  of  this.  Furthermore,  it  has  been  shown  that  if 
minute  but  gradually  increasing  doses  of  ricin — the  active  principle 
of  the  castor-oil  bean — be  given  by  the  mouth  to  guinea-pigs,  they  am 
be  rendered  so  far  immune  against  the  action  of  the  poison,  when 
injected  subcutaneously,  that  they  will  survive  a  dose  four  hundred 
times  that  ordinarily  sufficient  to  produce  death.  In  other  words,  the 
tissues  of  the  higher  animals  possess  a  certain  power  of  adapting  them- 
selves to  a  new  environment  if  only  a  sufficient  time  be  allowed. 
But  as  soon  as  we  attempt  a  detailed  explanation  of  these  results,  as 
well  as  of  those  jjreviously  mentioned,  we  find  that  they  appear  in 
many  cases  to  be  absolutely  contradictory.  The  serum  of  some  immune 
animals  is  fatal  to  cultures  (jf  the  virus  in  question  ;  in  other  cases  it  is 
not.  Again,  while  the  serum  may  be  fatal  to  cultures,  the  blood  itself 
may  have  little  or  no  resisting  power  against  the  organisms  when 
introduced  into  the  body.  Possibly  the  term  "immunity"  covers 
several  dissimilar  and  complex  processes. 

It  seems  practically  certain  that  the  changes  in  the  blood-serum 
account  for  most,  if  not  all,  the  instances  of  acquired  immunity. 

It  is  well  known  that  ordinary  healthy  blood-serum  is  found 
experimentally  to  be  in  many  cases  a  distinct  germicide.  If  anthrax- 
organisms  be  suspended  in  it  most  of  them  will  die.  Evidence  has 
been  adduced  to  show  that  this  germicidal  action  is  due,  at  any  rate  in 
part,  to  the  action  of  a  nuclein.  It  was  found  that  digestion  of  the 
serum  did  not  remove  this  influence,  but  that  a  temperature  of  55°  C. 
(131°  F.)  did.  It  was  accordingly  assumed  that,  while  the  action  was 
clearly  not  due  to  albumin,  it  was  still  most  likely  due  to  some  form 
of  proteid.  The  proteids  were  therefore  precipitated  with  alcohol 
and  ether,  and  the  precipitate  digested  Avith  pepsin  and  hydrochloric 
acid.  The  undigested  residue  was  then  washed  and  sterilised.  The 
compound  thtis  obtained  gave  the  reactions  of  a  nuclein,  and  was  found 
to  possess  a  germicidal  power  over  the  cholera-spirillum,  anthrax-bacillus 
and  Staj)liylococcus  ])yogenes  aureus.     The  reasons  for  attributing 
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:!much  of  this  power  to  the  action  and  disintegration  of  leucocytes 
Jiave  been  already  given  (p.  1 66). 

Pathogenic  Bacteria. 

A  more  dettiiled  reference  will  now  be  made  to  those  bacteria 
avhich,  on  more  or  less  satisfactory  evidence,  are  believed  to  be  the 
exciting  causes  of  certain  infective  diseases.    For  want  of  a  better 
dassification  we  shall  divide  them  into  three  groups — micrococci,  hacilli, 
jand  spirilla. 

I.  MICROCOCCI. — These  are  round  or  oval  cells,  generally 
.V5  ^  to  2  ;t  in  diameter.  They  are  arranged  (1)  singly,  (2)  in  pairs 
(iiplococci),  (3)  in  chains  (^streptococci)  of  four  cocci  to  three  hundred, 
i  which  may  be  straight  or  wavy,  (4)  in  groups  like  bunches  of  grapes 
\{slaphylococci),  or  (5)  in  colonies  and  zoogloea-masses.  The  organisms 
xbelonging  to  this  order  differ  among  themselves  in  form,  size,  mode  of 
pgrouping,  and  physiological  action. 

The  absence  of  distinctive  form  makes  it  very  difficult  to  ascertain 
t whether  a  culture  is  "pure,"  and  whether  a  coccus  under  observation 
iis  the  cause  of  any  given  disease.  Of  all  forms  of  fungus,  cocci  are  the 
Donost  frequently  associated  with  disease. 

1.  Fermentation  of  Urine.  —  The  Micrococcus  area:  causes 
limmoniacal  fermentation  of  urine,  by  forming  ammonium  carbonate 
out  of  urea  and  watfey.  It  is  generally  deposited  from  the  air.  Urine 
bbtained  pure,  and  exposed  only  to  pure  air,  will  keep  acid  for  years. 
The  transformation  of  urea  into  ammonium  carbonate  is  due  to  the 
(iction  of  a  so-called  intracellular  ferment  in  this  micrococcus  (p.  274). 
The  nature  of  the  ferment  is  shown  by  the  facts  (1)  that  if  the 
!::occi  be  removed  by  filtration  the  change  ceases,  and  (2)  that  a  body 
s:apable  of  producing  the  change  can  be  extracted  from  the  cocci  by 
she  action  of  alcohol.  If  cocci  be  accidentally  introduced  by  means  of 
instruments  the  change  may  occur  in  urine  contained  in  the  living 
bladder,  and  may  extend  up  to  the  pelvis  of  the  kidneys  with  the  most 
I'atal  results  (see  Suppurative  Nephritis).  The  M.  ureae  is  rather  large 
.2  ij),  and  occurs  singly  or  in  chains. 

2.  Suppuration,  or  pyosis,  whether  in  the  form  of  acute  abscess 
p.  154),  osteomyelitis,  or  metastatic  pyaemia,  is  usually  due  to  the  presence 

ftf  cocci.    Many  varieties  of  cocci  possess  the  power  of  producing  pus. 

;Jy  far  the  most  common  of  these  are  the  Slaphylococcus  pi/ogeues  aureus 

■  Fig.  1 53),  the  Staphylococcus  pyogenes  alhiis,  and  the  Streptococcus  pyogenes 
Fig.  154).    They  all  grow  readily  at  the  temperature  of  the  body. 

t]"he  Staphylococcus  pyogenes  aureus  and  the  Staphylococcus  pyogciies  albus 
lifFer  from  one  another  in  only  one  important  particular ;  namely,  that 
he  former,  when  cultivated  on  gelatine,  agar-agar,  or  ))otato,  in  the 
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presence  of  oxygen,  produces  a  pale  orange  pigment,  while  the  latter 
does  not  (Fig.  155).  They  resemble  one  another  in  forming  clusters 
in  liqueiying  gelatine,  and  in  l)eing  able  to  exi.st  for  weeks  in  the  dry 
state.  Moreover,  when  introduced  into  the  tissues  under  favourable 
circumstances  they  both  form  a  peptoiiising  ferment :  albumoses  and 
peptones  can  always  be  obtained  from  pus.  The  Slreplococcm  pi/ogetics 
consists  of  cocci  rather  larger  than  the  preceding,  and  grows  in  chains. 
It  does  not  liquefy  gelatine,  and  does  not  form  pigment  (Fig.  15(5). 
When  introduced  into  the  tissues  its  effiects  vary  with  its  virulence. 
Sometimes  it  produces  erysipelas,  sometimes  al)seess,  sometimes  septi- 
caemia. The  staphylococcus  is  principally  found  in  circumscribed 
abscesses,  while  the  streptococcus  is  especially  associated  with  spreading 
and  diffuse  suppuration. 


5ft- 


Fig.  z.^yStaphylococcus pyogenes  aureus.     FiG.  1$^.— Streptococcus  pyogenes.  From 
From  a  culture,     x  looo.  pus  found  in  a  pyEemic  abscess,    x  looo. 

All  these  organisms  exist  in  considerable  numbers  on  the  skin, 
especially  where  they  can  "obtain  cover."  They  reach  wounds  by 
growing  under  the  dressings,  and  not,  as  a  rule,  by  falling  from  the 
air.  Minute  quantities  of  boi-ic  acid  (l  :  300,  applied  to  cultures)  and 
other  antiseptics  suffice  to  slop  their  growth.  Observers  are  by  no 
means  agreed  as  to  the  length  of  time  which  a  1  :  1000  solution  of 
mercuric  chloride  takes  to  kill  them,  the  times  given  varying  from 
eight  seconds  to  thirty  minutes.  Possibly  these  divergent  results 
depend  on  the  diflPerent  virulence  of  the  specimens  tested,  and  may  be 
said  to  be  consistent  with  the  i-esults  obtained  b}^  inoculation. 

In  the  case  of  these  organisms  the  chain  of  proof  demanded  (p.  285) 
is  almost  complete.  Ogston  inoculated  eggs  with  cocci  from  an  acute 
abscess.  By  a  series  of  cultivations  he  obtained  the  cocci  "  pure,'  •and 
with  these  he  successfully  inoculated  animals.  Although  abscess&s 
were  the  usual  results,  well-marked  septicajmia  occurred  in  some 
cases.  Cocci  were  then  found  in  the  blood,  though  never  in  very  large 
numbers. 

Further  ))r<)()f  tiiat  these  organisms  can  cause  suppuration  has  been 
given.    Similar  operations  were  performed  with  antiseptic  precautions 
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>  on  both  eyes  of  each  of  a  series  of  rabbits,  and  one  eye  in  each  animal 
>was  inocuhited  with  pyogenic  cocci,  chiefly  the  Slap/ii/fococciix  pijogciie.s 
'aureus  :  all  the  aseptic  eyes  healed  without  suppuration,  while  all 
those  infected  suppurated  and  were  destroyed,  except  some  in  which 
the  operation  was  quite  superficial  (Knapp).    Upon  man  numerous 


Fig.  155. — staphylococcus  pyogenes  aureus.       FiG.  \^6.—Slrepiococcus  pyogenes.  Slreak- 
Streak-culture  on  nutrient  agar-agar.  culture  on  nutrient  gelatine. 

experiments  have  been  made  :  cultivations  of  staphylococci  have  been 
■  inoculated  upon  the  cutis  and  have  led  to  the  formation  of  small 
abscesses.  Similar  cultivations  have  been  rubbed  into  the  normal  skin 
of  the  arm  and  have  induced  the  formation  of  numerous  impetiginous 
>pu.stules.  Boils  and,  in  one  case,  a  large  carbuncle  have  been  produced 
I  in  a  similar  manner.  Lastly,  the  subcutaneous  injection  of  these 
'  organisms  has  resulted  in  the  formation  of  abscesses  (p.  270). 
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Under  ordinary  circunistanees  pyogenic  cocci  can  enter  the  skin  l)y 
tlie  orifices  of  duets  or  thr:)Ugii  small  abrasions,  hnpellgo  results  if 
they  gain  entrance  to  the  duets  and  multiply  there  without  penetra- 
ting the  true  skin.  If  the  cocci  reach  the  depths  of  a  hair-folliele  or 
sweat-gland  their  action  is  more  violent,  and  they  produce  a  .slough-  « 
liail  results.  When  the  cocci  actually  jjenetrate  the  cutis  vera  they 
cause  an  abscess  of  the  skin. 

In  metastatic  pyaemia  the  proof  is  not  quite  so  complete.  Largt- 
numbers  of  mieroeoeei  are  found  in  the  secondary  foci.  It  has,  more- 
ovei-,  been  shown  that  the  unhealthiness  of  a  wound  is  in  proportion 
to  the  number  of  zoogloca-raasses  on  its  surface,  and  the  severity 
of  the  disease  to  the  number  of  cocci  in  the  blood ;  whilst  the  coeti 
have  been  traced  trom  the  wound  into  connective-tissue  spaces  and 
even  into  a  vein.  They  are  present  in  all  clots  undergoing  infective 
softening.  On  the  other  hand,  large  numbers  of  cocci  have  been  found 
in  the  blood  of  healthy  persons. 

Concerning  the  special  organism  present,  it  may  be  noted  that 
Rosenbach  examined  six  eases  of  metastatic  pyaemia  and  found  the 
Streptococcus  pyogenes  in  five,  in  two  of  which  it  was  accompanied 
by  a  smaller  number  of  the  Slaphi/lococcus  pyogenes  aureus.  In  one 
case — the  only  one  which  recovered  —  the  latter  coccus  occurred 
alone. 

In  acute  suppurative  periostitis  and  osteomyelitis,  Rosenbach 
demonstrated  that  the  Staphylococcus  p.  aureus  Avas  present  in  the  great 
majority  of  cases  ;  and  he  was  further  able  to  support  Lceffler  in  his 
statement  that  the  same  organism,  when  injected  into  the  veins  of 
animals  whose  bones  had  been  bruised  or  fractured,  caused  acute 
osteomyelitis — and  this  whether  the  source  of  the  organism  employed 
was  a  case  of  osteomyelitis  or  a  boil. 

Spreading  traumatic  gangrene  is  often  due  to  the  Streptococcus 
pyogenes.  Ogston  found  that  injections  of  staphylococci  might  cause 
similar  gangrene  of  the  skin  in  animals.  Koch  induced  a  spreading 
gangrene  in  rabbits  by  injections  of  a  little  putrid  blood,  and  in  his 
cases  only  streptococci  developed. 

Lastly,  these  cocci  may  give  rise  to  inflammation  stopping  short 
of  suppuration,  the  streptococcus  being  associated  with  the  more  diffuse 
varieties.  Cocci  are  frequently  associated  with  inflammations  about 
the  fauces,  even  without  the  presence  of  pus.  The  evidence  we  have 
of  the  infective  nature  of  papillary  and  ulcerative  endocarditis  is 
given  in  chap.  xi. 

In  the  large  majority  of  cases  in  which  pyogenic  cocci  are  intro- 
duced into  the  tissues  only  local  results  follow.  In  the  presence  of 
conditions  favourable  to  tlie  growth  of  tlie  organisms  they  tend  to 
spread.  With  especial  ease  they  are  carried  to  the  lymi)hatic  g^nds. 
There  they  become  aiTested  and  give  rise  to  glandular  abscesses. 
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Thence,  once  more,  their  progeny  and  their  products  are  distributed 
to  more  distant  parts — it  may  be  throughout  the  body  (p.  268). 

Erysipelas. — Micrococci  have  often  been  described  in  erysipela- 
tous skin,  especially  at  the  spreading  edge.  They  occupy  the  lymphatic 
channels  and  spread  along  them  :  hence  the  name  in  fective  capillary 
lymphangitis.  Orth  produced  t^^pical  erysipelas  in  a  rabbit  by  subcu- 
taneous injection  of  the  fluid  from  an  erysipelatous  bulla;  with  oedema- 
fluid  from  this  animal  he  successfully  inoculated  a  second  :  the  fluid 
and  affected  skin  contained  cocci  in  large  numbers.  He  next  culti- 
vated the  fungus,  and  produced  erysipelas  by  injecting  it.  In  1881 
Fehleisen  found  streptococci  constantly  present  in  pieces  of  skin 
excised  from  the  spreading  edge  of  an  erysipelas-rash.  The  cocci  filled 
the  lymphatics  of  the  superficial  part  of  the  corium,  like  an  injection- 
mass,  and  occasionally  extended  to  the  subcutaneous  fatty  tissue,  but 
were  never  found  in  the  blood-vessels.  Round-celled  infiltration  and 
dilated  blood-vessels  marked  their  presence  ;  and  in  parts  where  the 
inflammatory  zone  had  disappeared,  the  cocci  had  vanished  also.  The 
organisms  were  cultivated  upon  gelatine  through  fourteen  generations 
in  two  months  :  eight  out  of  nine  rabbits,  subsequently  inoculated, 
sufitred  from  the  disease  ;  and  six  out  of  seven  inoculations  upon 
man  Avere  equally  successful.  The  incubation  was  fifteen  to  sixty 
hours ;  then  followed  rigors,  fever,  and  typical  rash.  The  evidence 
assigning  a  causal  relationship  to  the  streptococcus  is  therefore  com- 
plete. Immunity,  if  conferred  at  all,  did  not  last  two  months.  Three 
per  cent,  solution  of  carbolic  acid,  or  one  per  thousand  of  mei'curic 
chloride,  sufficed  to  destroy  the  vitality  of  the  fungus. 

Fehleisen  stated  that  the  Streptococcus  eiysipelatis  presented  distinct, 
though  slight,  differences  from  the  Streptococcus  pyogenes,  that  it  never 
caused  suppuration,  and  that  if  an  abscess  occurred  with  erysipelas  it 
was  due  to  a  mixed  infection.  The  majority  of  recent  writers  upon  the 
question  have  failed  to  detect  either  morphological  or  physiological 
differences,  and  are  therefore  of  opinion  that  the  two  organisms  are 
identical,  and  that  the  point  of  inoculation,  attenuation  of  the  virus, 
and  similar  conditions,  must  determine  whether  erysipelas  or  diff'use 
subcutaneous  suppuration  shall  occur  in  any  given  case.  The  clinical 
differences  between  the  two  diseases  would  seem  to  warrant  hesitation 
in  acceptmg  this  view  until  it  has  been  proved  that  the  Streptococcus, 
erysipelatis,  taken  from  a  case  of  undoubted  erysipelas,  can  cause 
diff'use  suppuration,  and,  on  the  other  hand,  that  the  Streptococcus 
pyogenes  from  an  acute  abscess  can  give  rise  to  eiysipelas.  No 
case  of  erysipelas,  from  inoculation  of  a  wound  with  pus  containing 
streptococci,  seems  to  have  been  recorded. 

Gonorrlioea. — Neisser,  in  1878,  discovered  in  the  urethral  pus 
a  large  micrococcus  (gonococcus,  Fig.  157),  peculiar  to  this  disease. 
He  recognised  it  by  "  facets  "  or  flattenings  on  the  surfaces  in  contact. 


296 


PARASITES 


KlG.  157.  —  Gonococci  from 
Urethral  Pus.  The  cocci 
are  in  the  pus-cells.  There 
are  two  tetrads  and  two 
single  cocci,  the  rest  are 
diplo-cocci.  The  three  cells 
shown  are  all  of  the  multinu- 
cleated variety,     v  1000. 


such  as  are  now  known  to  occur  in  other  rapidly  multi})lyiiig  cocci. 
It  is  distinguished  from  ordinary  cocci  by  its  smaller  size  ;  by  the  con- 
stant interval,  about  equal  to  the  diameter  of  the  coccus,  between  the 

individuals  in  the  groups ;  and  by  the  fre- 
quency of  its  occurrence  upon  and  in  the 
pus-cells.  Neisser  considered  its  presence  a 
means  of  diagnosing  gonorrhceal  from  other 
discharges.  It  was  subsequently  shown  that 
the  separation  of  the  cocci  is  due  to  swelling 
of  their  capsules.  It  multiplies  by  fission  in 
two  planes  alternately.  In  the  first  stage  it 
is  a  diplococcu.s,  each  coccus  having  a  bean- 
shaped  outline.  In  the  next  stage  each 
"  bean "  subdivides,  and  a  tetracoccus  is 
formed.  The  number  of  cells  affected  is 
always  relatively  small,  and  varies  in  different 
cases.  The  coccus  is  cultivated  with  much 
difficulty.  Cultures  were  first  carried  out 
successfully  by  Bockhardt.  This  investigator 
injected  a  "  fourth  "  cultivation  into  the 
urethra  of  a  general  paralytic,  and  produced 
a  purulent  discharge.  The  man  died  of 
pneumonia  ten  days  later,  and  an  examination  of  the  urethra  led 
Bockhardt  to  believe  that  the  cocci  probably  pass  through  the  epithe- 
lium into  the  lymphatics  of  the  fossa  navicularis,  where  they  excite 
acute  inflammation.  They  enter  into  white  corpuscles,  and  either 
pass  with  them  into  blood-vessels,  where  they  die,  or  come  awa)'  in  the 
pus. 

Since  then  Bumm  has  succeeded  in  cultivating  the  gonococcus  upon 
solidified  blood-serum  ;  he  inoculated  a  second  and  a  twentieth  culture 
upon  a  female  urethra,  causing  typical  gonorrhcea  in  each  of  the  two 
cases.  The  proof  of  causation,  thus  placed  beyond  doubt,  was  difficult 
to  obtain,  as  no  animal  is  susceptible  to  the  disease. 

With  regard  to  complications — suppurative  lymphadenitis  (bubo),  an 
occasional  occurrence  in  gonorrhcEa,  is  said  to  be  due  to  infection  of  the 
glands  by  ordinary  pyogenic  organisms,  the  urethra  in  these  cases  being 
the  seat  of  a  mixed  infection.  The  gonococcus,  injected  into  subcu- 
taneous tissue,  does  not  cause  suppuration,  but  disappears  in  twenty- 
four  to  thirty-six  hours.  It  is,  however,  the  only  organism  present  in 
one-fifth  of  the  cases  of  suppuration  in  the  FallojDian  tube  (jyyo-mlpinx). 

The  gonococcus  may  be  present  in  joints,  which  are  the  seats  of 
gonorrhcEal  arthritis :  in  some  cases  ordinary  ])yogenic  organisms  have 
been  found,  but  in  most  cases  none  at  all.  It  is  quite  unusual  for  gonor- 
rhoea! joints  to  suppurate.  Gonococci  have  been  found  on  the  valves 
of  the  heart  in  endocarditis^  and  have  been'  cultivated.    Inoculation  of 
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the  resulting  cultures  has  produced  gonorrhoea.  The  organisms  have 
also  been  found  in,  and  cultivated  from,  the  blood. 

The  gonococcus  is  incapable  of  multiplying  external  to  the  body, 
except  under  special  artificial  conditions,  as  in  a  culture.  Its  resisting 
power  is  feeble  and  it  soon  perishes.  If  this  were  not  so,  considering 
the  great  frequency  of  the  disease,  infection  otherwise  than  by  contact 
would  almost  certainly  occur. 

Pneumonia  (see  Chapter  XL). — The  production  of  acute  pneu- 
monia has  been  attributed  to  two  distinct  organisms.  (1)  The  first, 
known  as  Friedliinder  s  pneumo-bacillus,  was  first  described  by  its  dis- 
coverer as  a  coccus.  He  found  great  numbers  of  these  organisms  in 
the  early  stages  of  pneumonia,  not  only  in  the  exudation,  but  also  in 
the  lymphatics  of  the  lung  and  in  the  fluid  of  any  pleurisy  or  pericar- 
ditis which  was  present.  These  bacteria  are  oval  or  rod-shaped  ;  they 
are  contained  in  oval  or  elliptical  capsules  with  rounded  ends.  Two, 
four,  or  more  organisms  may  be  found  in  these  capsules.  The  capsule 
is  dissolved  by  alkalies  and  by  water  ;  is  contracted  by  acetic  acid  (like 
mucin)  ;  is  present  only  in  the  lung ;  is  scarcely  or  not  at  all  developed 
in  cultures  ;  and  is  best  stained  in  cover-glass  preparations  by  immersion 
for  two  or  three  minutes  in  a  solution  of  gentian-violet  in  aniline 
water,  followed  by  treatment  with  alcohol  for  half  a  minute.  The 
pneumo-bacillus  does-  not  nelain  the  stain  when  treated  by  Gram's  method. 

Friedlander  subsequently  cultivated  the  coccus  in  blood-serum, 
gelatinised  meat -infusion,  and  on  potato.  Introduced  by  needle- 
puncture  into  the  two  former  substrata,  tlic  growth  takes  the  verxj 
characteristic  fonn  oj  a  round-headed  nail ;  on  the  latter  ground  it  forms 
greyish  drops,  and  subsequently  a  moist  viscid  layer.  Diffused  in 
distilled  water  and  injected  into  the  lung  and  pleura  of  rabbits,  the 
organisms  produced  no  effects  ;  but  of  thirty-two  mice  inoculated,  all 
died  in  less  than  twenty-four  houi's.  The  lungs  were  very  red  and 
almost  universally  solid,  and  the  spleen  was  enlarged  ;  both  organs 
contained  the  characteristic  bacteria,  which  were  also  present  in  con- 
siderable numbers  in  the  blood,  and  in  enormous  numbers  in  some 
fluid  which  occupied  the  pleura.  Guinea-pigs  were  more  refractory  to 
the  poison,  and,  out  of  five  dogs,  only  one  suffered. 

The  pathogenic  importance  of  these  organisms  is  small,  as  they  are 
only  found  in  five  per  cent,  of  the  cases  of  acute  pneumonia. 

(2)  Frankel  and  Weichselbaum  independently  demonstrated  the 
existence  of  another  organism — Friinkel's  pneumococcus  or  the  Diplo- 
coccus  pneumonia;,  which  can  be  found  in  nearly  all  cases  of  pneumonia 
— especially  acute  croupous  pneumonia.  In  cultures  these  organisms 
occur  as  round  or  oval  cells,  usually  in  pairs,  but  often  in  chains  of 
four  to  ten  or  even  twenty  to  thirty.  These  longer  chains  are  much 
straighter  than  those  of  ordinary  streptococci.  In  the  tissues,  the 
microbes  often  become  lancet-shaped,  and  their  pointed  ends  may  be 
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Fig.  —  Diplococci  pneumo- 
nia: entangled  in  the  meshes 
of  the  fibrinous  exudation. 
From  a  section  of  lung  in  the 
"red  hepatisation  "  stage  of 
acute  pneumonia.  In  the 
upper  part  of  the  field  is  a 
cell  containing  several  cocci 
—  possibly  a  phagocyte. 
X  looo. 


towards  or  away  from  each  otlier,  usually  the  latter.  'I'hese  cocci  have 
capsules  Just  like  iM-iedliiuder's,  and  they  may  be  similarly  stained. 
'Umi  reltihi  llic  amliiie  slain  when  Ireuled  hy  Grain'fi  method.  W'iiereas 

Friedliinder's  bacillus  can  be  readily  cultivated 
on  gelatine  at  70'  P.,  Friinkel's  is  best  grown 
on  blood-serum  or  blood-agar  at  a  temjjerature 
of  95°  F.  to  98-5°  F.  ;  and  the  growth  is  scanty 
and  not  nail-shaped,  Ind  of  characteristic  "  dew- 
drop"  form.  When  the  organism  is  grown  on 
gelatine  this  medium  is  not  liquefied.  In 
many  of  its  characters  it  thus  resembles  the 
Streptococcus  pyogenes.  The  substratum 
must  be  kept  slightly  alkaline  or  growth 
ceases.  Even  when  transferred  daily  from 
tube  to  tube  the  diplococcus  rapidly  loses 
its  virulence.  To  preserve  or  to  restore 
its  pathogenic  power^  an  occasional  inocu- 
lation upon  a  susceptible  animal  must  be 
resorted  to.  Cultivation  for  one  or  two  days 
at  107'^  F.  destroys  its  virulence,  which 
is  weakened  by  longer  cultivation  at 
slightly  lower  temperatures. 

Subcutaneous  injections  of  virus  of /m// w/YCTrnVy  into  rabbits,  mice,  and 
guinea-pigs  cause  an  acute,  generally  fatal,  illness,  like  septicaemia, 
with  characteristic  post-mortem  appearances ;  but  there  is  no  sign  of 
pneumonia.  An  attenuated  cultm-e  introduced  beneath  the  skin  does 
sometimes  give  rise  to  pleurisy  or  pneumonia,  or  both  ;  and  these 
diseases  u.sualli/  follow  injection  of  such  a  culture  into  the  lungs.  In  such 
cases  the  appearances  closely  resemble  those  in  pneumonia  and 
pleurisy  in  man,  and  the  exudation  contains  large  numbers  of  eneap- 
suled  cocci.  Pericarditis  also  may  ensue.  These  results  show  that 
the  effects  vary  with  the  virulence  of  the  parasite  according  to  the 
usual  rule  (p.  272).  This  conclusion  may  be  illustrated  by  the  reaction 
of  different  species  of  animals.  In  those  least  immune  septicaemia  is 
usual ;  in  those  more  immune  a  local  reaction,  such  as  acute  pneu- 
monia. When  the  virulence  of  the  organism  is  very  low,  only  broncho- 
pneumonia may  follow. 

The  inoculation  either  of  filtered  cultures  of  the  organism,  or  of  the 
serum  of  animals  vaccinated  with  them,  is,  in  each  case,  said  to  confer 
a  temporary  immunity.  Issaeff  asserts  that  the  cocci  thrive  in  cultures 
treated  with  the  "  immunised  serum  " — a  result  altogether  contrary 
to  that  obtained  under  similar  conditions  iii  tetanus  (p.  289).  Sputum 
before  the  "crisis"  is  virulent;  but  sputiun  after  the  "crisis"  is  said 
to  confer  immunity. 

Besides  being  present  in  the  lung,  the  cocci  are  occasionally  found 
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in  the  blood  and  spleen,  and  in  inHammntions  arising  during  the 
course  of  pneumonia,  or  even  independently — pleurisy,  empyema, 
meningitis,  endocarditis,  peritonitis,  and  otitis  media.  Moreover,  it 
apj)ears  to  be  an  occasional  denizen  of  the  mouth  and  nasal  cavities, 
also  occurring  in  the  saliva  and  in  the  middle  ear  of  healthy  people. 
This  suggests  that  it  is  only  an  accidental  parasite  in  pneumonia. 
Against  this  view  the  following  points  seem  to  tell :  its  inconstancy  in 
the  mouth  ;  its  constant  occurrence  in  pneumonic  lung,  sometimes  as 
the  sole  demonstrable  organism  ;  and  its  distribution,  not  uniform  in  the 
inflamed  area,  but  chiefly  at  the  spreading  edge  and  in  the  surround- 
ing oedema.  Pneumonia  does  not  follow  inoculation  unless  the  pai-asite 
is  localised  in  the  lung.  Salvioli  says  that  he  succeeded  in  inducing 
lobar  pneumonia  in  guinea-pigs  by  intra-tracheal  injection  of  pneu- 
monic exudation  containing  these  cocci  ;  but  Fatichi  failed  with 
rabbits.  Further  experiments  of  this  kind  are  required,  for  there  is 
every  reason  to  believe  that  in  man  infection  occurs  through  the  lung, 
though  in  some  cases  the  disease  in  this  organ  may  be  secondary,  or  at 
any  rate  merely  one  of  several  morbid  changes. 

When  pneumonia  runs  on  to  suppuration  and  gangrene,  these 
complications  are  possibly  due  to  a  secondary  infection  by  the 
Stiiphylococcus  pyogenes  aureus  or  Streptococcus  pyogenes,  though 
pyogenic  effects  have  been  attributed  to  the  unaided  pneumo- 
coccus. 

Cerebro-spinal  Meningitis. — The  Meningococcus  or  Diplococcus 
intracellularis  meningitidis  was  originally  described  by  Weichselbaum, 
and  is  now  generally  recognised  as  the  cause  of  epidemic  cerebro- 
spinal meningitis.  It  is  also  asserted  by  Still  to  produce  the  posterior 
basic  meningitis  of  infants.  It  is  a  diplococcus  without  a  capsule,  and 
is  found  principally  within  the  multinuclear  leucocytes  of  meningeal 
exudation,  though  some  organisms  lie  free  in  the  fluid.  It  has  been 
described  also  as  occurring  rarely  in  blood,  pus,  consolidated  lung,  and 
nasal  mucus.  It  must  be  borne  in  mind,  however,  that  some  confusion 
has  at  times  existed  between  this  organism  and  the  pneumococcus. 
The  meningococcus  is  stained  by  the  ordinary  aniline  dyes :  it  is  de- 
colourised by  Gram's  method.  It  growS  well  on  LoefHer's  blood-serum, 
forming  round,  whitish,  viscid-looking  colonies,  clearly  defined,  and 
attaining  a  diameter  of  1-1  ^  mm.  in  twenty-four  hours  (Councilman). 
In  cultures  it  soon  dies  out,  but  it  appears  capable  of  resisting  drying, 
and  is  easily  carried  by  currents  of  air.  This  fact  accounts  for  the 
occurrence  of  the  disease  in  epidemic  form.  Cultures  injected  beneath 
the  spinal  membranes  of  goats  produced  typical  meningitis.  Harris 
(quoted  by  Osier)  recommends  for  the  isolation  of  the  organism  that 
the  fluid  should  be  "  plated  "  with  alkaline  five  per  cent,  glycerine  agar, 
by  which  means  the  colonies  of  the  meningococcus  may  ba  easily 
separated  from  other  organisms,  with  which  it  is  sometimes  found 
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associated.  In  chronic  cases  of  the  disease,  no  organisms  may  In- 
found  in  the  cerel)ro-sj)inal  fluid. 

Micrococci  have  been  described  in  Measles,  Faccinia,  Variola, 
Ti/phus  Fever,  Acute  Yellow  Atrophi/  of  the  Liver  {early  .stage),  PV lioopiug. 
cough,  Dij.senteri/,  Fat  Necroxix,  and  many  otiier  diseases,  but  the 
evidence  in  favour  of  their  causal  relationship  to  the  respective 
di.seases  is  not  sufficient  to  justify  a  description  of  them  here. 

Micrococci  which  divide  in  three  diameters,  at  riglit  angles  to  eadi 
other — Sarcinae — are  often  found  in  vomit  from 
stomachs  dilated  from  j)yloric  obstruction  and  in  cases 
<S^^/}yy]  dyspepsia  from  chronic  catarrh  {Sarcina  rentriculi) 

*^     •'6%/  (^^S-   I'^y);  i"  the  bronchi  and  dec))er  ))arts  of  tlu- 

.,  lungs  in  phthisis  (Sarcina  pulinoiiHiti),  and  in  tlie  urine 

IMG.  159. — ^SarciiKV    ,  ,      .  .  ^ 

ventriculi.  x  500.  {Sardna  nrincc)  :  they  have  been  seen  also  in  al)scesses 
and  in  blood.  Single  cocci  maybe  seen, but  the  majority 
form  cubical  groups  of  four,  or  some  multiple  of  four  (Fig.  1.59). 
S.  urinae  (2"5  /i)  is  larger  tlian  S.  ventriculi,  or  than  the  fungus  of 
this  shape  occurring  in  the  lungs  (1  to  l  o  /i).  Sarcinae  may  occur 
in  the  stomach  without  appearing  in  the  urine  or  elsewhere.  It  is 
extremely  difficult  to  get  rid  of  these  fungi  when  they  are  once  esbib- 
lished.  The  nature  of  the  decomposition  to  which  they  give  rise  is 
unknown. 

II.  BACIIjIjI. — The  members  of  this  group  are  straight  slender 
rods,  of  which  the  length  is  more  than  twice  the  breadth.  They 
multiply  by  transverse  division,  and  often  grow  into  long,  jointed,  l)ut 
unbranched  filaments,  without  constrictions  at  the  joints.  Formation 
of  spores  has  been  detected  in  some  siiecies. 

The  Bacilli  of  Tuberculosis,  Leprosy,  Syphilis,  Glanders, 
and  Rhinoscleroma  are  described  in  separate  sections  dealing  with 
these  diseases. 

Bacillus  anthracis. — The  bacillus  of  anthrax  or  splenic  fever  was, 
for  a  long  time  the  best  known  of  all  the  parasitic 
fungi.    If  the  blood  from  the  spleen  of  animals 
that  have  died  from  this  disease  be  examined, 
enormous  numbers  of  these  organisms  will  be  // 
found.    The  bacilli  are  large  rods  averaging  about 
8  /n  long  by  rather  more  than  1  \x.  broad  (Fig.  1 60). 
They  are   straight   and    motionless,  and    have         i(>o.-H,idll„s  a,,- 
,.  ,    ,  J    f-n-      -,c:-,\       T  -ill         Ihracis  and  Bacillus 

slightly  concave  ends  (Fig.  ifil).     In  a  suitable  /,,^/„„„,.,oshowlarge 

culture-material,  such  as  ordinary  agar  or  gelatine  size  of  former,  x  500 
media,  with  a  plentiful  supply  of  oxygen  and  a 

temperature  of  between  fi,5°  F.  and  90°  F.,  the  rods  grow  into  long 
interlacing  filaments  groujied  into  convoluted  bundles  not  unlike  a  mas's 
of  fine  hair.'    In  these  filaments,  spores  may  be  formed  at  regular 
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distances;  Inter  on  the  bacilli  break  up  and  tlie 
free.  Under  favourable  circumstances  these  grow 
into  bacilli.  In  living  animals,  where  the  supply 
of  oxygen  is  not  sufficiently  plentiful,  the  long 
filaments  and  spores  are  not  found,  but  the  rods 
multiply  rapidly  by  division.  In  a  stab-culture, 
the  growth  takes  the  form  of  an  innumerable 
number  of  branched  spikes  jutting  out  transversely 
from  the  line  of  puncture.  These  spikes  are  largest 
and  most  numerous  near  the  surface,  gradually 
becoming  smaller  and  iitiore  widely  separated  until 
they  cease  a  short  distance  above  the  end  of  the 
stab  (Fig.  162).  The  bacilli  retain  the  stain  when 
treated  by  Gram's  method.  They  are  readily 
destroyed,  succumbing  to  the  action  of  gastric  juice 
and  to  putrefaction  :  the  spores  are  unaffected  by 
either  of  these  influences  and  are  among  the  most 

organisms 


spores  are  set 
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KiG.  i5r.  —  Bacillus 
anth  racis,  with 
spores,  free  and  in 
the  interior,  x  1000. 


o 

resistant 


Fig.  162. — Bacillus  anthracis.  Stab-cul- 
ture in  nutrient  agar-agar. 


known.  They 
may  be  sejjarated  by  filtration,  washed 
with  distilled  water,  alcohol  and 
ether,  and  then  dried  ;  but,  notwith- 
.standing  all  this,  they  will  still, 
under  favourable  circumstances,  de- 
velop into  bacilli,  and,  when  in- 
oculated, give  rise  to  splenic  fever. 
The  products  of  the  anthrax-bacillus 
have  been  already  discussed  and 
tabulated  (p.  275).  Other  facts 
regarding  it  have  been  given  in  the 
earlier  part  of  the  present  chapter. 

Animals  vary  enormously  in  their 
susceptibility  to  anthrax  -  bacilli. 
Those  most  susceptible,  such  as 
white  mice  and  guinea-pigs,  die 
from  splenic  fever  a  few  hours  after 
inoculation  ;  whilst  those  least  sus- 
ceptible, such  as  white  rats  and 
Algerian  sheejj,  remain  unaffected. 
In  man,  who  is  to  a  moderate  extent 
susceptible,  the  disease  is  at  first 
local,  but  soon  becomes  generalised. 

In  cininial.s  that  have  died  of 
splenic  fever,  the  spleen  is  much 
enlarged,  the  glands,  nearest  the 
point    of  entry,  are  swollen,  and 
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cloudy  swelling  is  universally  present.  'I'lu'  l)aeilli  exist  in  enormous 
numbers  in  the  capillaries  of  the  spleen,  and  to  a  less  extent  in 
those  of  the  lungs,  liver,  kidneys,  and  intestine  (Fig.  14.7).  Nuniijers 
of  bacilli  are  discharged  from  the  body  in  tlie  urine,  fajce.s,  and  blood 
flovi'ing  from  the  nose  and  mouth  of  the  animal  before  it  dies ;  thus 
the  ground  in  its  neighbourhood  becomes  covered  with  the  organisms 
and  is,  therefore,  highly  infectious.  In  warm  marshy  districts  the 
bacilli  multii)ly  and  sporulate.  The  spores  may  be  carried  by  wate»-  or 
other  means  to  meadows  where  anthrax  has  not  previously  occurred. 
Sheep  and  cattle  are  infected  while  grazing.  Pasteur  considered  that 
the  mouths  of  the  animals  were  woimded  by  siliceous  grasses,  and 
believed  that  the  cuts  thus  made  became  inoculated  with  bacilli  or 
spores.  In  favour  of  this  view  he  quotes  the  frequent  swelling  of  the 
cervical  glands  in  sheep  aifected  by  this  disease  ;  but  both  animals  and 
man  are  frequently  infected  by  insects  which  bite  them  on  the  face. 
According  to  Koch,  the  intestine  is  the  commonest  seat  of  infection. 

If  the  bodies  of  the  dead  animals  are  buried  at  a  depth  of  one 
metre  or  more,  where  there  is  neither  oxygen  nor  a  suitable  tempera- 
ture, no  development  of  spores  occurs  and  the  bacilli  die. 

In  Man  infection  may  occur  (l)  through  the  skin,  and  (2)  through 
the  mucous  membrane. 

(1)  Infection  through  the  skin  occurs  especially  in  those  who  work 
with  raw  hides.  The  bacilli  give  rise  to  a  characteristic  local  lesion 
(^malignant  pustule),  consisting  of  a  central,  black,  necrosed  area  sur- 
rounded by  vesicles  and  a  hypersemic  zone,  the  base  of  the  whole  mass 
being  oedematous.  If  the  pustule  be  excised  at  an  early  stage,  the 
generalisation  of  the  disease  may  be  prevented,  although  cases  are  on 
record  in  which  a  month  after  excision  of  the  pustule  such  patients 
were  still  eliminating  bacilli  in  the  urine. 

(2)  Infection  not  infrequently  occurs  through  the  mucous  mem- 
brane, especially  the  respiratory  {ivoohorter  s  dixecise),  from  inhalation  of 
spores  or  bacilli  with  the  dust  from  infected  wool.  In  these  cases  the 
local  lesions  occur  in  the  mucous  membrane  of  the  large  bronchial 
tubes.  Considerable  swelling  of  the  bronchial  and  mediastinal  glands 
follows,  and  not  infrequently  effusions  of  fluid  may  occur  in  the  pleura 
or  pericardium.  Such  patients  die,  more  rapidly  than  in  the  case  of 
malignant  pustule,  with  symptoms  of  acute  sejitic  poisoning,  though 
after  death  but  few  bacilli  can  be  found  in  distant  organs. 

Immunisation. — Pasteur  cultivated  the  bacilli  for  twenty  days  at  a 
temperature  of  108°  F.  and  inoculated  sheep  and  cattle  with  the 
resulting  organisms,  later  on  I'epeating  the  inoculation  with  less  atten- 
uated bacilli,  and  finally  with  ordinary  virulent  cultures.  In  this  way 
he  rendered  many  animals  for  a  time  immune.  The  method  is,  how- 
ever, open  to  the  disadvantage  that  an  appreciable  proportion  of  the 
animals  thus  treated  died  of  splenic  fever.    The  attenuation  of  anthrax- 
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bacilli  has  also  been  brought  about  in  other  ways — by  c  ultivation  under 
a  pressm-e  of  eight  atmosj)heres,  by  the  addition  of  small  quantities  of 
antiseptics  to  the  culture-medium,  or  by  the  passage  of  the  organisms 
throusrh  the  bodies  of  certain  animals.  Klein  failed,  with  Pasteur's 
vaccine,  to  protect  rodents  :  if  the  vaccine  acted  at  all  it  caused  splenic 
fever.  The  attenuation  is  not  accompanied  by  any  morphological 
change,  and  the  virulence  of  the  bacilli  may  be  restored  at  any  time. 

Bacillus  typhosus. — This  organism,  which  is  sometimes  spoken  of 
as  Eberth's  bacillus,  is  the  accredited  cause  of  typhoid  fever  (see  chap, 
xi.).  The  bacilli  can,  with  some  difficulty,  be  found  during  life  in  the 
faeces,  spleen  (obtained  by  puncture),  and  ui-ine.  After  death,  if  the  parts 
are  removed  without  delay,  the  organisms  can  be  easily  discovered  in 
the  spleen,  liver,  mesenteric  glands,  kidneys,  and  recent  lesions  in  the 
intestines.  They  occur  in  groups,  but  do  not  give  rise  to  tubercles  nor^ 
with  rare  exceptions,  to  abscesses.  Their  presence  can  be  more  readily 
ascertained  by  inoculating  a  culture-ground  with  a  piece  of  the  suspected 
organ,  preferably  the  spleen  or  liver,  than  by  examining  stained  sections 
under  the  microscope. 

In  appearance  typhoid-bacilli  are  not  unlike  tubercle-bacilli.  Their 
breadth  is  about  a  third  of  their  length,  which  varies  between  2  /i  and 
3  II.  Thus,  they  are  a  little  thicker  than  tubercle-bacilli,  while  their 
ends  are  distinctly  rounded.  They  stain  slowly  and  part  with  the 
colour  easily.  The  best  stains  are  probably  Loeffler's  methylene  blue 
(p.  308),  and  Ziehl's  fuchsine  stain  (p.  279)-  The  bacilli  do  not  retain 
the  colour  when  treated  by  Gram's  method  (p.  278).  Clear  spaces  often 
occupy  the  centre  of  the  rods.  There  is  some  doubt  as  to  the  existence 
of  spores.  Those  who  believe  in  their  existence  describe  them  as 
rounded  bodies,  reaching  i-ight  across  the  breadth  of  the  rodsj  and  lying 
at  their  ends.  They  do  not,  however,  give  the  usual  staining-reaction 
of  spores,  nor  are  cultures  containing  them  more  resistant  of  high  tem- 
peratures and  other  destructive  agencies.  The  chief  microscopic 
features  which  distinguish  typhoid-  from  tubercle-bacilli  are  the  posses- 
sion of  flagella,  the  power  of  active  movement  (especially  in  young 
cultures),  and  some  of  the  staining-reactions.  A  typhoid-bacillus,  when 
stained  by  special  methods,  appears  enveloped  by  a  thick  capsule.  In 
intimate  connection  with  this  capsule,  apparently  comjiosed  of  the 
same  substance,  and  distributed  over  its  whole  surface,  are  the  flagella, 
eight  to  twelve  in  number,  varying  much  in  length  and  thickness. 
Sometimes  they  are  considerably  longer  than  the  ))arasite  itself.  Some 
of  the  bacilli  have  only  a  single  flagellum  at  one  end  (Fig.  l63). 

Cultures  can  be  readily  obtained.  The  organism  thrives  in  milk, 
and  can  even  multiply  for  a  short  time  in  sterilised  drinking-water — 
points  of  practical  importance.  It  thrives  best  at  the  body-temjierature 
but  will  grow  readily  at  60"  F.  It  does  not  liquefy  peptone-gelatine, 
but  a  .y/fl6-culture  appears  on  the  surface  as  a  flat,  s])reading,  white  film 
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with  a  wavy  margin,  and  marks  the  line  of  puncture  by  a  growth  with 
an  irreguhirly  wavy  outline.  A  .s/Wi-culture  on  gelatine  (Fig.  164) 
forms  a  narrow  white  line  along  the  track  of  the  needle.  It  is  mainly 
aerobic.  Potato-cultures  of  this  bacillus  are  almost  invisible:  this  fact 
is  utilised  in  the  recognition  of  the  organism.  Thus,  if  a  fresh  potato- 
culture  be  incubated  for  forty-eight  hours,  no  nlnh/e  c/iarige  occurs ;  but 
if  surface-scrapings  be  then  taken,  stained,  and  examined,  threads  of 
the  bacilli  will  be  easily  found.  Many  peculiarities  of  growth  are 
described  in  order  to  distinguish  it  from  other  bacteria,  especially 
the  Bacillm  coli  comviunis,  which  it  closely  resembles  both  morpho- 
logically and  in  its  mode  of  growth  and  habitat.  Thus  acid-products 
but  no  indol,  are  formed  in  bouillon-cultures,  while  most  bacilli 
occurring  under  the  same  conditions,  form  indol.  Another  suggested 
test  depends  on  the   tendency  which  this   organism  possesses  of 


Fig.  163. — Typhoid-bacilli,  showing  flagella.     x  1000. 

absorbing  the  colour,  when  cultivated  on  a  gelatine-medium  stained 
with  gentian-violet,  thus  leaving  the  gelatine  coloui'less.  Still  anothei- 
is  founded  on  a  slight  indifference  which  the  organisms  show  to  the 
action  of  carbolic  acid.  Thus,  if  a  minute  quantity  of  carbolic  acid 
(2-5  per  1000)  be  added  to  a  culture  of  mixed  organisms,  the  growth  of 
most  will  be  arrested,  but  the  B.  ti/phosiis  and  the  B.  coli  commimis 
will  continue.  The  chief  points  by  which  the  latter  organism  can 
be  distinguished  from  the  typhoid-bacillus  are  tabulated  on  the  next 
page. 

According  to  Sternbei'g,  ten  minutes'  exposure  to  moist  heat  ;it 
140^  F.  destroys  typhoid-bacilli.  They  are  also  killed  in  about  the 
same  time  by  the  action  of  gastric  juice. 

Inoculation  has  hithei-to  been  only  partially  successful.  It  is 
doubtful  if  any  animal  is  susceptible  to  t}  phoid  fever  as  we  know  it  in 
man.    llabbits,  dogs,  and  mice  have  been  inoculated,  and  have  died  in 
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tliirty-six  hours  with  symptoms  of  general  septicaemia;  but  though, 
u  hen  virulent  cultures  are  used,  an  enlarged  spleen  and  swollen  Peyer's 
patches  have  been  very  generally  found,  the  disease  never  runs  a 
lono-er  course,  nor  is  there  ever  any  characteristic  ulceration.  Very 
rarely  suppuration  may  be  due  to  this  organism,  e.g.,  periostitis,  thougli 
in  most  cases  in  which  pus  occurs  in  tyjihoid  fever  it  has  been  found 
to  contain  other  organisms.  There  is  a  marked  difference  in  the 
■Ifects  produced  if  the  filtered  products  be  alone  injected.  These 
^ive  rise  to  no  marked  lesion  beyond  fatty  degeneration  of  the  heart 
S.  Martin).  If  the  dead  bodies  of  the  bacilli  be  also  injected,  the 
i  tfect  is  much  more  marked.  The  toxines  of  the  bacillus  are,  therefore, 
'  n  all  probability  intracellular  ;  but  their  real  nature  is  unknown. 

In  spite  of  the  gaps  in  the  chain  of  evidence,  all  the  observers  quoted 
ijeheve  that  this  bacillus  is  the  cause  of  typhoid  fever  ;  and  we  may,  at 
my  rate,  affirm  that  it  is  constantly  jiresent  in  that  disease^  is  recognis- 
ible  from  all  known  bacilli  by  the  vai'ious  chai'acteristics  given  above, 
nid  is  not  found  in  any  other  disease.  Moreover,  this  view  is  confirmed 
)v  the  facts  regarding  immunisation  mentioned  below.  Gaffky  taught 
hat  infection  always  occurs  through  the  mucous  membrane  of  the 
iitestine,  even  when  the  poison  seems  to  have  been  inhaled  as  dust; 
le  believes  that  it  is  caught  on  the  mucous  membrane  of  the  pharynx, 
wallowed,  cari'ied  through  the  stomach,  and  thus  brought  into  contact 
\  ith  the  bowel. 

Immunisation. — It  has  been  repeatedly  shown  that  mice,  gumea- 
)igs  and  other  animals  can  be  immunised  against  the  effects  of  the 
yphoid-bacillus  by  the  subcutaneous  injection  of  dead  cultures  of  the 
u  ganism.  It  has  also  been  shown  that,  although  the  animals  can  be  thus 
irotected  against  the  action  of  typhoid-bacilli,  they  are  not  protected 
i^ainst  the  effects  produced  by  the  injection  of  the  toxines  derived 
'  om  the  bacilli.  In  the  same  way,  while  the  serum  of  healthy  persons  is 
oraewhat  inimical  to  typhoid-bacilli,  that  of  convalescents  from  typhoid 
ever  has  been  found  to  have  a  far  more  msirked  action.  That  this  serum 
^  anti-microbic  and  not  anti-toxic  has  been  shown,  among  others,  by 
'feiffer,  who  added  to  the  toxines  serum  from  persons  convalescent 
•om  typhoid  fever,  and  injected  the  mixture  into  guinea-pigs,  at  the 
ime  time  injecting  a  corresponding  series  of  guinea-pigs  with  the 
\  phoid-toxine  alone.  The  results  in  both  series  were  precisely  similar, 
loreover,  it  has  been  found  that  if  the  serum  of  animals  immunised 
)  the  typhoid-bacillus,  or  of  persons  convalescent  from  typhoid  fever, 
(■  added  to  an  active  culture  of  typhoid-bacilli,  the  organisms  lose 
leir  motility  and   become  aggregated  into  clumps  of  various  sizes 
ly'idaFs  reaction).    Their  vitality  is,  however,  not  destroyed. 

The  foregoing  results  are  interesting,  not  only  as  an  illustration  of 
le  difference  lietween  anti-microbic  and  anti-toxic  sera,  but  in  so  far 
1  they  furnish  additional  evidence  as  to  the  causation  of  typhoid 
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fever,  Jis  well  as  sugjrest  a  useful  procedure  in  diaf^nosis  and  a  possible 
protection  a<j;ainst  the  disease.  In  utilising  the  result  in  diagnosis,  it 
is  neeessiiry  to  withdraw  a  small  portion  of  the  blood  of  the  susj)ected 
patient,  and  to  observe  the  effect  produced  by  the  serum  thence  obtained 
upon  the  bacilli  contained  in  a  selected  culture.  In  order  to  ensure 
reliable  results  it  is  necessary  that  the  typhoid-bacilli  be  carefully 
selected,  and  as  carefully  reared  ;  and,  on  the  other  hand,  that  the  serum 
be  diluted  at  least  ten  times,  and  the  diagnosis  based  on  the  appearances 
observed  within  the  first  fifteen  minutes  of  preparing  the  mixture,  as 
normal  serum,  without  these  precautions,  may  give  a  similar  reaction. 

As  a  protective  vaccination  against  typhoid  fever,  dead  cultures, 
similar  to  those  injected  into  animals  for  the  purpose  of  immunisation, 
are  emjiloyed.  A  local  inflammatory  action  with  slight  fever  generally 
results,  but  it  is  impossible  at  pi'esent  to  say  whether  complete  immu- 
nity is  produced,  or,  if  pi-oduced,  how  long  it  lasts. 

Bacillus  coli  communis.  (^Baclcriiim  coli  commune.)  —  This 
bacillus  is  a  common  denizen  of  the  intestine,  and  especially  of  the 
neighbom'hood  of  the  caecum.  .  It  is  also  found  in  the  mouth,  and 
occasionally  in  other  pai'ts.  It  very  rai-ely  occurs  alone.  In  size,  in 
shape,  in  the  possession  of  flagella,  and  in  staining  reactions,  this 
organism  very  closely  resembles  that  of  typhoid  fever.  According  to 
some  observers,  the  B.  coli  communis  has  fewer  flagella,  but  this 
supposed  peculiarity  is  certainly  not  constant.  There  is  a  tendency 
for  the  bacilli  to  occur  in  jDairs,  and,  when  cultivated,  in  short  threads. 
This  organism  probably  does  not  form  spores.  It  is  mainly  aerobic, 
and  seems  to  have  a  slight  power  of  active  movement.  Like  the 
typhoid-bacillus,  it  grows  best  in  acid  media  ;  but  the  surface-colonies 
are  larger,  denser,  and  more  glistening,  as  well  as  of  a  pale  brownish 
tint ;  while  a  streak  culture  forms  a  broad  dense  growth  stretching 
out  on  both  sides  of  the  track.  In  gelatine  tube-cultures  it  assumes 
the  form  of  an  irregularly  encrusted  stick,  with  small  outgrowths  here 
and  there,  but  Avithout  tapering  in  either  direction. 

There  can  be  no  doubt,  on  the  one  hand,  that  this  organism  exists 
in  perfectly  healthy  intestine  ;  nor  any  doubt,  on  the  other,  that  in 
many  diseased  conditions  it  exists  in  larger  numbers  than  any  of  the 
other  organisms  present,  and  is,  occasionally,  the  only  one  that  can  be 
found.  Hence  it  seems  probable  either  that  other  bacilli  are  at 
present  confounded  with  the  B.  coli,  or  that  this  is  subject  to  verj^  great 
variations  in  virulence.  There  is  a  very  general  belief  that,  at  any 
rate,  the  latter  alternative  is  true,  though  the  cause  of  this  variation 
is  quite  unknown.  In  some  states  the  organism  seems  able  to  produce 
a  condition  similar  to  septicemia  ;  in  others,  only  to  give  rise  to  local 
ii-ritation  and  sujjpuration. 

The  most  im])ortant  distinctions  between  the  B.  typhosus  and  the 
H.  coli  communis  may  he  thus  tabulated  : 
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B.  typhosus. 

1 .  Actively  motile. 

2.  When  "streaked"  on  surface  of 

gelatine  forms  a  narrow  white 
line  of  growth  along  the  track  of 
the  needle  (Fig.  164). 

3.  In  gelatine  "shake-culture"  pro- 

duces no  gas. 

4.  On  potato  forms  an  almost  in- 

visible transparent  white  film. 

5.  Does  not  curdle  milk. 

6.  Does  not  produce  indol  in  peptone- 

broth-cultures. 

7.  Reacts  with  serum  from  patients 

with  typhoid  fever. 


Fig.  164. — Bacillus  typhosus.  Streak-culture 
on  nutrient  gelatine.    (See  p.  304.) 


B.  coli  communis. 

1.  Sluggishly  motile. 

2.  When  "streaked"  on  surface  of 

gelatine  forms  a  broad  dense 
growth  spreading  out  on  both 
sides  of  the  track  (Fig.  165). 

3.  In  gelatine  "shake-culture"  pro- 

duces bubbles  of  gas. 

4.  On  potato  forms  a  thick  slimy 

yellowish  or  browpish  growth. 

5.  Curdles  milk  in  about  48  hours. 

6.  Produces  itidol  in  peptone-broth-cul- 

tures. 

7.  Does  not  react  with  serum  from  patients 

with  typhoid  fever. 


Fig.  165. — Bacillus  coli  communis.  Streak, 
culture  on  nutrient  gelatine.  (See  p.  306.) 


Bacillus  dlphtheriae. — In  1883  Klebs  drew  attention  to  a  bacillus 
liich  he  had  found  constantly  present  in  diphtheritic  membrane.  In 
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the  following  year,  La-ffler  ))iiblislied  !in  account  of  its  morphology 
and  cultivation,  together  with  results  obtained  by  inoculation.  'i"|ie 
bacillus  is  therefore  often  called  the  Klchn-Lwjflfr  Ixuilliin. 

The  bacillus  is  to  be  found  in  nearly  all  cases*  diagnosed  clini- 
cally as  diphtheria,  as  well  as  in  some  nasal  discharges,  and  not  infre- 
([uently  on  the  fauces  of  otherwise  healthy  persons.  In  diphtheria 
it  is  usually  limited  to  the  false  membrane  and  its  neighbourhood, 
and  grows  most  abundantly  in  the  more  superficial  parts  of  the 
membrane  :  on  those  rare  occasions  in  which  it  has  been  found  in 
an  internal  organ,  it  has  probably  reached  it  from  the  blood-stream, 
to  which  it  may  have  gained  access  only  a  few  hours  before  death. 
Its  presence  in  the  membrane  can  be  made  out  during  all  stages  of 
the  disease ;  and  the  examination  of  scrapings  from  the  mucous 
surface  of  the  mouth  .shows  that  it  may  continue  to  live  for  niany 
weeks  after  the  fever  has  disappeared.  Bacilli  having  a  close  mor- 
phological resemblance  to  it  seem  to  be  occasionally  present  in  the 
mouths  of  healthy  individuals,  as  well  as  organisms  giving  even  the 
same  culture-results  as  the  diphtheria-bacillus.  The  term  pneudo- 
diphlhena-haciUus  is  applied  to  these  forms,  some  of  which,  at  any 
rate,  seem  just  as  pathogenic  as  the  more  orthodox  organism.  Bacilli 
taken  from  diphtheritic  membrane  can  be  cultivated  through  many 
generations,  and  after  an  interval  of  some  months  are  still  cajmble, 
when  inoculated,  of  giving  rise  to  the  original  disease — not  merely 
to  the  local  inflammation  and  membrane,  but  also  to  the  subsequent 
paralysis. 

The  diphtheria-bacillus  is  generally  rather  shorter  and  thicker  than 
the  tubercle-bacillus.    It  is  usually  from  I'D  /i  to  2-5  /i  long,  and  about 
a  third  as  broad.    It  may  occasionally  attain  a 
'<.>v  length  of  6  ^  to  8  /i,  both  in  the  membranes  and 

/<•'         in  cultures.    Its  shape  is  not  always  regular; 
\  '.V;,^'*'^''.\  sometimes  the  ends  are  thicker  than  the  centre, 

'  C         ^  and  sometimes  the  centre  than  the  ends.  The 

latter  are  rounded.  The  bacilli  not  infrequently 
Fig.  i66.  —  Bacillus  of  contain  a  row  of  two  or  three  highly  refi'acting 
Diphtheria,  x  8oo.  ^j.^^^^  ^j^g  nature  of  which  is  unknown.  In  all 
jirobability  they  are  ??o/  spores.  The  organism  is  believed  to  multiply 
by  fission  only.  It  never  forms  long  threads ;  it  is  motionless. 
Loeffler's  alkaline  methylene  blue  .solution!  gives  the  best  staining 
results,  but  Gram's  method  can  also  be  employed,  as  the  organisms 
retain  the  colour. 

The  jjeculiar  polar  staining  exhibited  by  dijihtheria-bacilli  is  well 
brought  out  by  the  method  suggested  by  Neisser.    Two  staining 

*  Some  authorities  limit  the  name  of ' '  diphthei  ia"  to  those  cases  in  which  it  can  be  found, 
f  Saturated  alcohoHc  solution  of  methylene  blue,  30  c.c  ;  solution  of  caustic  potash, 
1 :  10,000,  100  c.c.    Lojffler's  method  of  staining  flagella  is  altogether  different. 
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solutions  are  prepared,  the  first  consisting  of  1  gramme  of  methylene 
blue  dissolved  in  20  c.c.  of  §6  per  cent,  alcohol  to  which  50  c.c.  of 
glacial  acetic  acid  and  950  c.c.  of 
distilled  water  are  subsequently 
added  ;  the  second,  of  a  filtered  solu- 
tion of  2  grammes  of  vesuvin  in  1 
litre  of  boiling  water.  Cover-glass 
preparations  are  stained  from  1  to  3 
seconds  in  the  methylene  blue  solu- 
tion, washed,  stained  in  the  vesuvin 
solution  from  3  to  5  seconds,  rinsed 
in  water,  dried  and  mounted.  The 
polar  corpuscles  are  stained  blue, 
the  rest  of  the  bacilli  being  brown 
(Hewlett).  This  method  is  supposed 
to  be  of  some  value  in  differentiating 
Loeffler's  bacilli  from  others. 

The  organism  can  be  cultivated 
in  many  media.  It  does  not  liquefy 
gelatine.  It  grows  well  in  milk ; 
but  the  most  frequently  employed 
culture-ground  is  Loeffler's  serum.* 
A  minute  portion  of  membrane  trans- 
ferred to  this  will  develop,  in  the 
course  of  twenty-four  hours,  small 
grey  elevated  discs  with  pale  circum- 
ferences (Fig.  l68).  In  secondary 
cultures  these  show  a  tendency  to 

become  arranged  in  lines  (Fig.  1 67).   „      ,      „   ■,,    j-^n,  i 
°  \     o         y     Pig.  167. — Bacillus  diphtheria.  Streak- 

Growth  can  take  place  at  any  tem-       cu'ture  on  blood-serum.  (Loeffler.) 
perature  between  Id"'  F.  and  108°  F., 

but  is  most  luxuriant  when  it  remains  between  92°  and  99°  F.  Moist 
heat  of  140°  F.  is  rapidly  fatal,  but  dry  heat  at  208°  F.  may  take  an 
hour  to  destroy  the  organism.  A  free  supply  of  oxygen  encourages,  but 
is  not  essential  to,  its  growth.  There  is  no  difficulty  in  maintaining  the 
virulence  of  the  organism  during  cultivation  ;  but  if  a  culture  be  left 
undisturbed  for  some  months  its  virulence  diminishes,  and  this  result 
follows  more  rapidly  if  it  be  allowed  to  become  acid.  In  either  case 
replantation  into  a  fresh  culture-ground  rapidly  restores  the  virulence. 
The  organism  resists  drying  to  a  much  greater  extent  than  is  usual  in 
bacilli  which  do  not  form  spores.  If  a  specimen  be  dried  and  kept  dry  for 
six  months,  it  will  grow  as  soon  as  it  is  placed  under  favourable  con- 
ditions.   This  point  is  of  great  practical  impoi'tance,  and  emphasises 

•  Peptone,  i.o;  grape-sugar,  i.o;  chloride  of  sodium,  .5;  nealial  gelatinised  veal- 
broth,  100.0;  blood-serum,  303.0. 
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the  necessity  for  thoroiigli  disinfection.  Cultivation  of  the  organism 
in  the  presence  of  sewer-gas  does  not  increase  its  virulence  (Sliattock). 
The  accredited  influence  of  sewer-gas  in  the  ))roduction  of  diphtheria 
must  therefore  dejjend  upon  its  direct  effect  upon  tlie  host. 

From  the  foregoing  account  it  will  be  seen  tliat  the  requirements  of 
the  organism  as  regards  air,  temperature,  and  moisture  are  admirably 
provided  for  in  the  mouth  and  ujiper  air-j)assages.  Moreover,  they  are 
supplemented  by  the  co-o])cration  of  various  cocci,  esjjecially  the 
pyogenic  varieties,  which  are  always  ready  to  hand.  The  spread  of 
the  membrane  inwards  is  j)robably  due  partly  to  the  more  suitabli- 
temperature  and  partly  to  the  force  of  inspiration.  The  cat  is  tlii 
only  animal  besides  man  that  is  liable  to  true  diphtheria. 

In  1890,  by  means  of  filtration  through  porcelain,  and  subsequent 


Fig.  i68. — Bacillus  of  Diphtheria.    Colony  on  agar  twenty-four  hours 
after  inoculation,    x  loo.    (After  Frankel. ) 

precipitation  with  absolute  alcohol,  Roux  and  Yersin  succeeded  in 
isolating,  from  cultures  of  the  organism,  a  poison  which,  if  injected 
into  animals  in  large  doses,  caused  prostration  and  death,  but,  if  in 
small  doses  only,  paralysis  and  albuminuria  (in  rabbits  on  the  fifth  day). 
In  no  case  was  any  membrane  formed.  It  was  also  noted  that  the 
addition  of  acid  to  the  poison  rendered  it  harmless.  They  believed 
this  poison  to  be  an  "unformed  ferment." 

Two  years  later,  by  very  similar  procedures,  Sidney  Martin  separated 
identical  series  of  substances  (l)  from  the  tissues  of  persons  dead  of 
diphtheria;  and  (2)  from  cultures  of  the  organism  on  media  closelyresem- 
bling  the  tissues  in  chemical  composition  (p.  285).  This  series  consisted 
of  hetero-albumose,  proto-albumose,  deutero-albumose,  and  an  organic 
acid.  Of  these,  the  first  was  only  to  be  obtained  from  the  membrane 
and  the  last  from  the  tissues;  the  proto-  and  deutero-albumoses  were 
present  in  both  membrane  and  tissues.   Martin  showed  that  the  factory 
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of  the  Jilbumoses  was  the  tissues,  and  especially  the  spleen,  and  that 
but  little  was  formed  at  the  site  of  the  membrane.  He  regarded  all 
the  products  as  the  result  of  a  ferment  produced  at  the  seat  of  the  local 
disease,  and  thence  entering  the  circulation.  He  considered  that  the 
paralytic  effects  were  due  to  the  action  of  the  albumoses  on  the 
peripheral  nerves,  which  caused  breaking  up  of  the  myelin-sheath,  and 
more  or  less  thinning  and  even  disappearance  of  the  axis-cylinder  : 
fattv  degeneration  of  the  heart  and  voluntary  muscles  was  also 
found  (p.  275). 

The  nature  of  the  toxines  is,  however,  only  partly  known.  It  is 
certain  that  toxmes  can  be  formed  even  when  the  bacilli  are  grown 
in  a  medium  free  from  pi-oteid  ;  while  other  observers  have  sejjarated 
from  cultures  a  toxic  body  giving  no  proteid  reactions.  It  is  possible, 
therefore,  that  the  bodies  which  Martin  separated  only  contamed  the 
toxines,  and  that  these  have  not  yet  been  isolated  and  described. 

Immunisation. — Another  step  in  advance  was  made  in  the  same  year 
(1892)  by  Behring,  who  drew  attention  to  the  acquired  immunity 
which  could  be  obtained  against  these  diphtheria-bacilli.  He 
described  four  ways  by  which  animals  could  be  rendered  immune. 
He  injected  (1)  cultures  of  the  bacillus  attenuated  by  heat;  (2)  cul- 
tures attenuated  by  the  addition  of  trichloride  of  iodine ;  (.S)  the 
pleural  exudation  of  animals  dead  of  experimental  diphtheria ;  or  (4)  a 
dose  of  virulent  diphtheria-bacilli,  followed  by  one  of  trichloride  of 
iodine.  He  next  showed  that  the  addition  of  some  serum,  from  an  animal 
thus  immunised,  to  an  ordinary  culture  of  the  organism  not  only  arrested 
the  action  of-the  bacilli  but  neutralised  the  poison  as  well,  so  that,  when 
injected,  it  was  found  to  be  iimocuous.  The  final  stage  was  reached 
when  he  showed  that,  if  a  fatal  dose  of  diphtheria  poison  had  been 
injected,  it  could  be  neutralised  by  a  subsequent  injection  of  this 
"immunised  serum."  A  good  deal  was  found  to  depend  upon  the 
method  employed  for  rendering  iminune  the  animal  from  which  the 
serum  was  taken.  Within  certain  limits,  the  injection  of  small 
amomits,  spread  over  a  long  period,  was  found  to  give  th<*  best  results. 
In  cases  in  which  only  the  filtered  culture  and  not  the  actual  bacilli 
are  employed,  the  dose  of  serum  required  is  found  to  vary  not  only 
with  that  of  the  poison,  but  also  with  the  body-weight  and  possibly 
with  the  species  of  animal  employed.  Again,  the  doses  recpiisite 
depend  upon  the  interval  between  the  two  injections.  It  was  smallest 
when  that  of  the  serum  immediately  followed  the  poison.  These 
results  have  led  to  the  extensive  use  of  the  immunised  serum  for 
thera])eutic  purposes  :  these  have  been  more  fully  referred  to  in  the 
section  on  Immunity  (p.  285). 

Bacillus  of  Influenza. — In  1892,  Pfeiffer,  Kitasato,  and  Canon 
succeeded  in  finding  a  minute  bacillus,  which  is  now  generally 
believed  to  be  the  cause  of  this  disease.     It  is  extremely  minute. 
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meiisuring  -1  fi  by  S  fi.  It  stains  with  Ziehl's  and  Lu;ffler"s  fluids:  tlie 
ends  take  the  stain  best,  and  tlius  the  organism  often  looks  like  a 
diplococcus.  It  docs  not  retain  the  stain  in  Gram's  method.  It 
occurs  singly,  in  pairs,  and  in  short  chains.  It  is  non-motile  and  does 
not  form  spores.  Large  numbers  have  been  found  in  the  bronchial 
secreti(m  :  they  jjersist  for  some  weeks  after  the  catarrh.  It  has  Ijeen 
found  in  the  peri-bronchial  tissue,  and  on  rare  occasions  in  the  blood, 
('omjilications  in  influenza  are  generall}'  associated  with  the  presence 
of  other  bacteria. 

Pure  cultures  are  not  easily  obtained.  On  sugar-agar  these  appear 
as  small,  discrete,  transparent  globules  visible  only  with  a  lens.  The 
bacillus  is  aerobic,  grows  best  at  the  body  temperature,  and  is  easily 
destroyed  by  drying. 

Local  inunction  of  pure  cultures  into  the  respiratory  mucous  mem- 
brane of  monkeys  and  rabbits  is  followed  by  the  characteristic 
symptoms,  but  as  the  bacilli  do  not  multiply  in  any  of  the  lower 
animals,  the  resulting  condition  is  probably  due  to  the  absorption  of 
toxines. 

Bacillus  of  Plague.  (Bubonic  Fever.) — Kitasato  and  Yersin  dis- 
covered this  bacillus  during  an  epidemic  at  Hong  Kong  in  189^- 

They  succeeded  in  finding  bacilli  in  the  blood,  buboes,  and  internal 
organs,  especially  the  lungs  of  the  plague-stricken  patients.  The 
organisms  stained  readily  with  the  usual  reagents ;  they  had  rounded 
ends,  which  appeared  darker  than  the  central  parts ;  they  possessed 
flagella  and  slight  power  of  movement.  No  spores  were  discovered. 
The  organisms  were  easily  destroyed  by  sunlight,  heat,  carbolic  acid, 
anil  quicklime,  but  resisted  drying  for  four  days.  Similar  organisms 
were  never  found  in  healthy  persons,  or  in  those  suffering  from  any 
other  disease. 

Cultures  were  obtained  on  blood-serum,  glj-cerine-agar,  and  other 
media.  The  colonies  were  whitish-grey,  rounded  patches,  ^^^th  imeven 
edges.    In  the  cultures  the  bacilli  often  formed  long  threads. 

Mice^  rats,  guinea-pigs,  rabbits  and  monkeys,  if  inoculated  with 
pure  cultures  or  with  blood  from  patients,  succumbed  with  a  constant 
sequence  of  symptoms.  Roughl}'  speaking,  these  appear  to  have 
corresponded  to  those  in  man,  though  the  enlargement  of  the  glands 
does  not  seem  to  have  been  so  marked.  The  bacilli  were  found  in  the 
blood,  glands,  and  organs  of  these  animals.  Pigeons  are  immune. 
Animals  fed  with  the  organism  or  infected  blood  died  in  the  same  way 
as  those  inoculated.  The  disease  has  often  been  conveyed  from  one 
district  to  another  by  means  of  infected  rats. 

Immumsalion. — Rabbits  have  been  rendered  immune  by  the  injec- 
tion of  sterilised  cultures,  and  an  anti-plague  serum  of  doubtful 
efficacy  has  been  prepared  from  horses  treated  in  a  similar  manner. 
Haffkine's  prevcniirc  iuuciilalioii,  which  is  better  known,  consists  in  the 
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injection  of  a  bouillon-culture  sterilised  by  exposure  to  70°  C.  for  one 
hour. 

That  the  bacillus  is  the  cause  of  the  disease  was  sufficiently  proved 
bv  the  death  from  the  plague  of  an  attendant  in  a  laboratoiy  at  Vienna 
where  experiments  were  being  carried  out  on  some  cultures  sent  from 
India. 

Bacillus  of  Tetanus. — In  1 884  it  was  shown  that  tetanus  was  an 
inoculable  disease.  In  the  same  year  a  special  bacillus 
was  described,  but  it  was  not  isolated  and  cultivated  ^ 
until  1 889.    Kitasato  accomplished  these  results  by  ^ 
heating  the  impure  cultures  of  pus,  obtained  from 
the  original  wound,  to  a  temperature  of  80  C, 
and  then  incubating  the  residue  in  an  atmosjihere 
of  hydrogen. 

The  size  of  the  bacillus  is  from  3  /x  to  5  /x  x     /x.  /#^* 
The  bacilli  ai'e  often  arranged  in  longer  spiral  threads.  ' 
Spores  are  often  found.    They  occupy  one  end  of  ^ig.  ^e^.-Bacilhts  of 
1       ,      Ml  J    ,    •        0.        i.  Tetamis.    For  des- 

the  bacillus,   and    bemg  two  to  tour  times  the     cription   see  te.xt. 

diameter  of  the  organism,  give  it  the  appearance  of     x  1200. 

a  miniature  drum-stick  (Fig.   I69).    Flagella  are 

attached  to  the  ends  and  sides,  but  the  organism 

is  only  slightly  motile.    The  bacillus  can  be  stained 

by  the  usual  methods.    Its  habitat  seems  to  be  the 

superficial  soil,  especially  when  mixed  with  manure, 

from  which  it  can  often  be  obtained. 

li  can  be  readily  cultivated  if  great  care  be  taken  to 

exclude  oxygen ;  this  bacillus  and  that  of  malignant 

cfidema  are  the  two  most  prominent  examples  of 

anaerobic  organisms.    It  can  be  separated  from  the 

other  organisms  with  which   it  usually  occurs  by 

heatmg  the  impure  culture  to  80°  C,  which  will  kill 

all  the  organisms  but  the  spores  of  the  tetanus-bacillus. 

The  organism  liquefies  gelatine  slowly,  and  grows 

only  beneath  the  surface,  forming  thin  waved  lines 

radiating  from  the  puncture-track.    The  most  suitable 

temperature  is  97°  F.  to  100°  F.    The  cultures  have 

a  characteristic  odour  and  appearance  (Fig.  170). 

The  spores  are  noted  for  the  great  resisting  power 

they  show  to  the  ordinary  methods  of  destruction. 

Thus,  they  have  been  known  to  resist  successfully 

U  A      boiling  for  five  minutes,  drying  for  five  months,  and 

immersion  in  carbolic  acid  (1  :  20)  for  ten  hours,  and  in 

Fig.  170.— Tetanus  mercuric  chloiide  (1  :  1000)  for  three  hours.  Fifteen 

^'  minutes'  boiling  is  invariably  fatal.    For  a  long  time 

lure    in  nutrient  "  ,  ^ 

sugar-agnr.  all  attem])ts  at  attenuation  failed,  but  it  has  lately 
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been  shown  by  Tizzoni  and  Cattuni  that  attenuation  results  from  (l)  the 
exposure  to  tlie  air  of  spores  on  threads ;  and  (2)  the  jjreservation  of 
cultures  in  various  gases  for  long  periods — generally  over  a  year. 

The  constant  presence  of  the  bacillus  in  cases  of  tetanus,  and  the 
possibility  of  jnirifying  it  by  cultivation  having  been  esbiblished,  it 
remained  for  Kitasato  to  comjilete  the  proof  by  successfully  inoculatmg 
these  cultures  on  animals.  He  showed  not  only  that  inoculation  of 
the  bacillus  produces  the  disease,  but  also  that  in  such  cases  the 
organisms  remain  confined  to  the  wound,  and  that  the  symptoms  are 
due  to  the  absorption  and  circulation  of  their  products.  Thus,  he 
found  (l)  that  inoculation  of  a  stcniiied  culture  jiroduced  a  fatal  form 
of  the  disease,  but  that  no  bacillus  could  be  found  in,  and  no  cultures 
obtained  from,  the  organs  of  an  animal  killed  in  this  way ;  (2)  that 
inoculation  of  the  spores  with  some  mechanical  irritant,  but  without 
bacilli  or  toxines,  produced  a  similar  disease,  and,  similarly  again,  that 
no  bacilli  could  be  found  in,  and  no  cultures  obtained  from,  the  dislunl 
organs ;  and  (3)  that  in  the  latter  case  the  symptoms  were  first 
observed  in  the  locality  of  the  inoculated  part.  He  concluded, 
therefore,  that  the  bacilli  in  the  wound  produced  their  effect  by 
manufacturing  poisons  Avhich  are  gradually  disseminated. 

The  nature  of  these  toxines  is  unknown.  Martin  has  separated, 
from  the  tissues  of  persons  dead  of  tetanus,  two  bodies ;  one  of  these 
contains  proteid,  the  other  does  not.  Brieger  has  also  se])arated  a 
non-j)roteid  body.  According  to  both  these  obsen^ers,  a  non-proteid 
body  is  the  toxine  which  acts  as  a  direct  excitant  of  the  motor-cells  of 
pons,  medulla  and  spinal  cord,  and  thereby  produces  the  muscular 
spasms  characteristic  of  the  disease.  The  chief  reason  for  the  belief 
held  by  many,  that  some  ferment  acts  as  an  intermediaiy  between  the 
bacillus  and  the  toxines,  lies  in  the  extremely  definite  incubation-period 
which  exists  bet-ween  the  introduction  of  the  bacterial  products  and 
the  onset  of  the  symptoms,  and  which  gives  time  for  the  production 
of  secondaiy  toxines  from  the  tissues. 

Immunisalion. — Kitasato  conferred  a  two-months  immunity  on 
rabbits  by  injecting  a  small  portion  of  a  sterilised  (filtered)  culture, 
followed  by  five  daily  injections  of  trichloride  of  iodine  (3  c.c.  of  one 
per  cent,  solution).  Subsequent  observers  have  obtained  results 
precisely  analogous  to  those  already  described  in  diphtheria.  Small 
but  regularly  increasing  (3  c.c.  to  120  c.c.)  and  repeated  doses  of  the 
filtered  cultures  gradually  confer  immunity  ;  and  the  serum  obtained 
from  animals  thus  protected  is  found  to  prevent  the  development  of 
.symptoms  if  injected  before,  or  with,  a  fatal  dose  of  the  toxines.  By 
some  observers  the  same  result  is  claimed  when  the  injection  /o//o;w 
the  development  of  the  symptoms  of  the  disease.  The  serum  must  be 
injected  in  very  large  doses.  Unfortunately  it  is  difficult  to  recognise 
the  disease  in  its  earliest  stages. 
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Malignant  CZldema. — A  spreading  oedema  ending  fetally  may  be 
produced  by  the  inoculation  of  mice,  guinea-pigs,  or  rabbits  with  garden- 
mould.  Only  one  form  of  bacillus  develops,  and  the  oedema-fluid  con- 
tainmg  it  is  infective  (p.  271).  The  bacillus  is  3  to  3-5  /x  in  length, 
but  grows  into  longer  threads,  which  much  resemble  anthrax-bacilli. 
They  differ  in  showing  no  segmentation,  in  having  rounded  ends,  and 
in  being  absolutely  anaerobic.  The  bacilli  bear  spores,  but  do  not  retain 
the  stain  in  Gram's  method.  In  cultures,  characteristic  air-bubbles 
occur  at  the  sides  of  the  tube. 

III.  SPIRILLA. — Two  diseases.  Relapsing  Fever  and  Cholera, 
are  associated  with  curved  organisms. 

Relapsing  Fever. — The  Spirochceia  Obermeieri  (Fig.  I7l),  often 
called  "  spirillum,"  is  found  in  the  blood  in  this 
disease.  It  was  discovered  by  Obermeier  in 
1873.  It  is  a  zigzag,  sharply  curved,  uniform 
thread,  l6  to  40  long,  with  quick  undulating 
movements.  No  spores  are  known.  The 
organism  takes  the  ordinary  stains  feebly,  and 
does  not  retain  the  stain  when  treated  by 
Gram's  method.  The  organisms  appear  in  the 
blood  just  before  the  commencement  of  an         ^7^---Spirilla  of  Relap- 

1111  P^'"^''  with  red  cor 

attack,  and  disappear  with  remarkable  speed     puscles.    x  looo. 

during  the  crisis.     Metschnikoff  states  that 

during  the  apyrexial  interval  they  accumulate  in  the  spleen,  where  they 
are  taken  up  by  the  multinucleated  leucocytes.  Soudakewitch  has 
shown  that  the  previous  removal  of  the  spleen  enormously  increases 
the  mortality.  Nothing  is  seen  of  the  spirilla  till  the  relapse,  when 
they  return.  All  attempts  to  cultivate  them  have  hitherto  failed. 
The  disease  has  been  inoculated  from  man  to  man,  and  from  man 
to  apes  (Carter,  Koch).  It  is  said  that  the  blood  is  not  infective  during 
the  fever-free  period,  but  that  the  splenic  pulp  is  then  infective. 

Cholera. — Cholera  has  long  been  regarded  as  an  infective  disease, 
but  nothing  definite  was  known  until  1883,  when  Koch  began  his 
work  in  Egypt  and  India.  He  found  that  in  the  most  acute  cases  the 
intestinal  mucosa  was  simply  opaque  with  slightly  swollen  follicles, 
that  the  intestinal  contents  were  like  gruel,  and  that  these  contents 
consisted  of  an  almost  pure  cultivation  of  the  parasite  presently  to  be 
described.  In  cases  of  somewhat  longer  duration,  he  found  the  fol- 
licles and  Peyer's  patches  surrounded  by  zones  of  hyperaemia,  running 
together  into  red  areas  ;  and,  in  the  least  acute  cases,  the  small  intestine 
became  intensely  congested,  the  congestion  being  most  marked 
above  the  ileo-caecal  valve  and  dying  away  in  the  upward  direction. 
In  these  cases  the  intestinal  contents  became  increasingly  blood- 
stained, and  finally  exhaled  a  distinctly  putrefactive  odour,  whilst 
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tlie  parasite  above  referred  to  was  more  or  less  replaced  by  otlu  r 
bacterial  forms. 

In  the  stage  of  patchy  redness,  sections  of  the  mucosa  parailei  to  its 
surface  sliowed  tiiat,  in  the  most  acute  cases,  the  redness  corresj)oiided 
to  an  invasion  of  the  epithelium  of  the  tubular  glands  by  the  parasite 
found  in  tiie  intestine  :  the  organisms  were  found  lying  between  the  epi- 
thelium and  the  basement-membrane.  'I'liis  bacterium,  therefore,  soon 
attracted  attention  by  its  definite  form  and  by  its  apjwrent  constancy. 

Koch's  Cholera-sjmi/ium  or  vibrio  is  about  one-Jialf  to  two-thirds 
tlie  length  of  a  tubercle-bacillus,  but  thicker  (about  -5  /x).  It  is 
curved,  usually  to  a  degree  equal  to  that  of  a  comma — hence  the  first 
name,  comvia-bacillitii  —  but  sometimes  to  that  of  a  semicircle.  It 
multiplies  by  transverse  division,  and,  when  the  organism  is  grown 


Fig.  172.  —  Clwlera  spirilla.    Flagella  not  shown,     x  1000. 

upon  gelatinous  media  or  the  intestinal  mucosa,  the  segments  separate 
from  each  other  at  once ;  if  two  remain  united,  they  form  an  s-shaped 
figure  (Fig.  172),  their  curves  being  in  opposite  directions.  When 
cultivated  for  any  length  of  time  in  nutritive  fluids,  the  spirilla  may 
remain  united  until  they  form  delicate  spirals  of  some  length,  very 
like  the  spirilla  of  relapsing  fever :  these  are  probably  degenerative 
forms.  A  single  flagellum  is  usually  attached  to  one  end  of  each 
organism.  Occasionally  two  or  more  flagella  may  be  similarly  attached. 
More  rarely  still,  flagella  may  be  connected  with  both  ends.  Both 
single  cells  and  spirals  are  actively  motile.  When  present  in  the 
intestines  in  large  numbers  they  form,  according  to  Koch,  little  heaps 
in  which  the  single  cells  have  all  the  same  direction;  .so  that  it  looks 
as  if  a  little  swai-m  of  them  were  making  their  way  one  behind  the 
otiier,  like  fish  in  slowly  moving  water  (Fig.  172).    The  organisms 


vegp:table  parasites 


817 


stain  Avith  the  ordinary  solutions  before  mentioned,  but  do  not  retain 
tlR'  colour  when  treated  by  Gram's  method.  Other  organisms  pos- 
sessino-  the  same  anatomical  characters  have  been  described  by  several 
observers.  Gruber  maintains  that  in  the  cholera-spirilla  variations  in 
the  size,  curve,  sharpness  of  ends,  and 
number  of  flagella  are  common,  and 
depend  on  the  special  epidemic  in 
question, on  the  conditions  of  growth, 
and  on  the  age  of  culture. 

Culture-experiments  show  that  the 
vibrio  grows  well  upon  all  the  ordi- 
nary media,  and  its  exceptionally 
rapid  nniltiplication  can  be  watched 
in  a  drop  of  meat-infusion  upon  the 
under  surface  of  a  cover-glass.  If 
linen,  stained  with  cholera-dejecta, 
be  kept  moist  and  exposed  to  the  air, 
growth  is  also  very  free  for  two  or 
three  days.  The  colonies  upon  nu- 
trient gelatine  or  agar  begin  as  very 
pale  tiny  sjjots,  which,  as  they  get 
larger,  present  a  slightly  irregular 
outline  and  a  finely  granular  surface  : 
Koch  compares  them  to  heaps  of 
poAvdered  glass.  On  the  second  day 
the  gelatine  liquefiesin  the  immediate 
neighbourhood  of  each  point,  and  the 
colony  sinks  into  a  bell-shaped  de- 
pression with  a  white  apical  point. 
The  appearance  of  a  long  narrow 
funnel  is  very  typical  when  a  tube  is  inoculated  by  puncture.  In 
the  case  of  allied  organisms,  liquefaction  generally  takes  place  more 
rapidly.  The  proof  of  the  individuality  of  this  organism  depends  upon 
the  combined  evidence  afforded  by  (l)  the  microscopic  appearances  ; 
(2)  the  results  of  cultivation  on  gelatine  and  on  agar ;  (3)  the  indol 
reaction  with  peptone-cultures ;  and  (4)  the  effects  of  inoculation  on 
animals. 

The  growth  reaches  its  limit  m  a  few  days,  remains  a  short  time 
stationary,  and  then  diminishes,  the  bacilli  either  shrivelling  or  swelling, 
and  staining  more  or  less  imperfectly.  Many  strange  "involution- 
forms  "  appear :  these  have  been  thought  to  belong  to  different 
species.  Clear  spots  failing  to  stam  have  been  regarded  as  spores  ; 
but  spirilla  containing  these  spots  are  not  more  resistant  than  others, 
and  it  is  now  generally  acknowledged  that  no  spores  are  formed. 

Growtli  is  most  ra])id  at  8()°  F.  to  104^  F.,  and  stops  if  the  tempera- 


FiG.  173. — Cholera-vibrio.  Stab-culture 
in  nutrient  gelatine. 
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turc  falls  below  GOS"  F.  Death  results  from  exposure  to  a  moist 
temperature  of  131  F.  (55"  C.)  Oxyfren  is  essential  to  growth,  but 
neither  its  absence  nor  an  atmosj)here  of  carbon  dioxide  causes  death. 
An  alkaline  reaction  is  most  favourable  to  growth,  while  distinct 
acidity  often  arrests  it  ;  but  all  acids  have  not  this  effect,  for  thouf^h 
the  surface  of  a  potato  is  acid,  yet  growth  occurs  freely  upon  it.  Koch 
added  many  antiseptics  to  cultures,  in  order  to  discover  those  which 
most  powerfully  hindered  development.  Quinine  (1  :  5000)  and 
mercuric  chloride  (1  :  100,(  00)  head  the  list,  but  it  is  obvious  that  the 
constitution  of  the  material  to  which  they  are  added  will  greatly 
affect  the  result.  Koch's  most  imjjortant  observation  on  this  ]K)int 
was  that  complete  desiccation  killed  the  bacteria  in  three  hours.  It 
must  be  remembered  that  in  pappy  substances  many  hours  may  be 
required  to  complete  desiccation,  but,  even  in  such,  twentj-^-four  hours 
suffice  to  destroy  cholera-germs.  Cholera  is,  therefore,  not  often  con- 
veyed by  the  air,  except  through  the  medium  of  flies.  Lastly,  it  is  very 
probable,  if  not  certain,  that  this  spirillum  soon  dies  in  putrid  fluid, 
cesspools,  and  the  like,  and  that  consequently  the  addition  of  anti- 
septics to  such  collections  of  matter  may  possibly  preserve  rather  than 
destroy  the  cholera-germ. 

Koch's  tlieori/  as  to  its  action  is  that,  being  confined  to  the  intestine, 
it  produces  a  virulent  general  poison,  which  is  absorbed  and  at  the 
same  time  acts  as  an  intense  iiTitant  to  the  mucous  membrane.  Early 
death  in  collapse,  perhaps  before  the  passage  of  a  single  stool,  may 
result  from  general  poisoning,  and  it  is  in  these  cases  that  the  intestine 
is  found  pale — simple  hyperaemia  having  died  aWay.  In  less  acute  cases 
the  local  effects  become  more  marked,  and  increasing  extravasation  of 
red  corpuscles  remains  to  indicate  the  existence  of  the  hj'periemia. 
Then  the  cholera-germ  having  reached  the  limit  of  its  development,  is 
more  and  more  replaced  by  putrefactive  germs,  the  products  of  which 
are  extremely  irritant  and  poisonous.  Various  toxic  bodies  have 
been  obtained  from  cultures  of  the  cholera-spirillum.  These,  when 
injected,  give  rise  to  cramps,  cardiac  failure,  and  lowered  temperature, 
respectively.    The  exact  nature  of  these  is  at  present  unknown. 

Koch  Jailed  to  find  the  vibrio  in  anij  cases  bid  those  o  f  cholera.  Metsch- 
nikoft'  has,  however,  pointed  out  that,  during  a  neighbouring  cjiidemic 
of  cholei'a,the  drinking  water  of  Versailles  contamed  the  cholera-vibrios, 
but  that  those  who  drank  the  water  remained  unaffected.  He  has 
further  shown  that  the  organism  persisted  in  the  water  for  months 
after  the  epidemic  had  ceased,  and  therefore  that  the  appearance  of 
the  microbe  in  water  did  not  necessarily  involve  the  appearance  of  an 
epidemic.  He  believes  that  cholera-organisms  may  exist  for  some 
time  in  the  intestines  of  animals  without  pi-oducing  cholera.  This 
result  he  attributed  to  the  inimical  action  of  the  other  organisms 
present. 


VEGETABLE  PARASITES 


The  possibiliti/  of  inoculating  the  disease  must  now  be  considered. 
By  an  accident,  cholera-dejecta  became  mixed  with  water:  this  was 
drunk  by  seventeen  persons  ;  of  these,  five  developed  cholera.  Again, 
at  Berlin,  during  a  course  of  demonstrations  upon  the  bacteria  of 
cholera,  one  of  the  members  of  the  class  was  attacked  by  a  distinct 
though  mild  form .  of  the  disease,  his  stools  containing  numbers  of 
spirilla  :  no  other  source  of  infection  could  be  ascertained. 

Meanwhile,  Nicati  and  Rietsch  at  Marseilles  succeeded  in  infecting 
dogs  and  guinea-pigs  with  a  disease  like  cholera,  by  injecting  cultiva- 
tions of  the  spirilla  into  the  duodenum.  This  method  was  adopted  to 
avoid  the  stomach,  in  the  acid  secretion  of  which  the  cholera-geiuns 
ordinarily  perished.  Of  eighteen  guinea-pigs  thus  treated,  thirteen 
died  of  "cholera"  ;  whilst  of  "control"  animals,  injected  with  other 
bacteria,  none  died. 

Koch  next  neutralised  the  gastric-juice  for  about  three  hours  by  a 
suitable  injection  of  carbonate  of  sodium,  and  then  introduced  spirilla 
into  the  stomach,  but  with  a  negative  result.  He  next  delayed  peristalsis 
by  means  of  opium,  with  the  result  that  of  thirty-five  guinea-pigs 
infected  through  the  stomach,  thirty  died  of  "cholera." 

Infection  through  the  stomach  is  probably  much  easier  in  man 
than  in  guinea-pigs.  Ewald  finds  that  water  introduced  into  an  empty 
stomach  remains  neutral,  or  even  becomes  slightly  alkaline  :  its  quantity 
decreases  slowly  for  an  hour  or  more ;  then  decreases  suddenly — 
evidently  from  opening  of  the  pylorus — before  its  reaction  has  become 
acid.  Cholera-spirilla,  introduced  shortly  before  this  occurrence,  might 
reach  the  duodenum  alive.  As  with  other  acute  specific  diseases,  only 
a  few  of  those  persons  exposed  take  the  disease ;  and,  according  to 
Koch,  almost  all  these  are  suffering  from  digestive  troubles,  gastro 
intestinal  catarrh,  or  an  overloaded  stomach — conditions  diminishing 
the  general  acidity  of  the  stomach  and  enabling  the  sjiirilla  to  escape 
with  undigested  masses. 

The  contagion  of  cholera  exists  in  the  dejecta,  and  quite  exceptionally 
in  vomit  (when  this  has  regurgitated  from  the  intestines).  For  the 
disease  to  spread,  moisture  is  essential — as  desiccation  as  a  rule  means 
death  of  the  organisms  (see  above).  Cholera,  therefore,  does  not, 
like  tuberculosis,  spread  by  the  shaking  of  dust  from  linen  ;  it  is  not 
carried  by  post  nor  by  merchandise,  but  by  man.  As  a  rule,  it  is 
spread  by  the  infection  of  water :  this  occurs  very  easily  in  India, 
where  a  large  tank  is  employed  to  collect  water  for  many  people  ;  and 
the  one  tank  is  used  indifferently  as  a  public  bath,  a  wash-tub,  a 
cesspool,  and  a  reservoir  of  drinking-water.  In  many  instances,  a 
supply  of  pure  water  has  prevented  the  recun-ence  of  the  disease 
where  previously  it  had  been  rife.  Most  provisions  may  be  infected 
by  contaminated  hands  or  perhaps  by  flies. 

It  has  already  been  shown  that  this  parasite  can  mnitiplij  apart  from 
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the  both/  —e.g.,  on  moist  linen,  on  jiotato,  or  in  ineat-inlusion.  As  it 
requires  rather  concentrated  nourishment,  it  probably  does  not 
multiply  in  ordinary  runninfr  water ;  l)ut  many  of  the  rivers  of  India 
are  extremely  foul,  and  organic  matter  increases  greatly  where  the 
waters  stagnate,  drains  and  gutters  enter,  and  vegebible  and  animal 
refuse  collects :  at  such  places  the  water  may  be  turbid  from  germs. 
Stagnant  surface-water,  therefore,  seems  to  be  the  great  culture-ground 
for  cholera-germs  external  to  the  body. 

The  serum  of  choleraic  patients  possesses  agglutinative  proj)erties 
upon  the  spirilla  similar  to  those  described  in  the  case  of  the  bacillus 
of  tyi)hoid  fever  (p.  '305).  For  an  account  of  ])reventive  vaccination 
agiiinst  cholera,  see  p.  288. 

The  belief  that  Koch's  sjiirillum  is  the  exciting  cause  of  cholera 
depends  on  (1)  its  proved  individuality  (p.  317);  (2)  its  constant  pre- 
sence in  the  intestines  of  persons  suffering  from  the  disease ;  (3)  its 
absence  fi'om  all  other  cases ;  (■)•)  the  accidental  infection  of  persons 
working  with  it ;   (5)  the  protective  power  of  Haffkine's  vaccination ; 

(6)  the  agglutinative  properties  of  the  serum  of  cholera-patients ;  and 

(7)  the  correspondence  between  the  law  of  its  growth  and  the  con- 
ditions knowni  to  exist  in  cholera-epidemics. 


The  Blastomycetes  or  Yeasts. 


These  are  small,  round  or  oval  cells,  which  multiply  by  budding 
(gemmnlioii).  Sometimes  the  cells  cohere  and  form  branching  chains. 
In  some  varieties,  when  food  is  not  abundant,  as  in  the  case  of  jiotato- 

cultivations,  one  to  four  spores  may 
form   in  the  interior  of  the  yeast- 
cells  ;  in  others  no  spore-formation 
occurs.    On  this  basis  the  blastomy- 
cetes are  divided  into  two  groujis: 
(l)  the  Saccfiaivmi/cele.t  or  true  j-easts, 
which  form  spores,  and  (2)  the  Torii/a; 
which  do  not.    The  spores  develop 
Fig.  i7.i.—Oi(fium  albicans.   Cells  and  Avhen  j)laced  in  fermentable  fluids, 
spores  seen  on  the  surface  of  epithc-         o^jj^j.  ^jj^^^  ^jj^^j.  unfavourable 
liuni,  scraped  from  an   "aphthous'  . 

patch  on  an  infant  s  tongue,    x  500.    conditions  unjointed  mycelium  may 

be  produced.  When  it  is  remem- 
bered that  the  growth  of  some  higher  fungi  (e.g..  Mucor  mucedo)  under 
c.vceplioiial  circumstances  is  the  same  as  that  of  yeasts  under  urdiiiartj 
circumstances — i.e.,  by  gemmation,  it  seems  possible  that  yeasts  may 
really  be  vegetative  forms  of  higher  fungi. 

Yeasts  are  of  importance  chiefly  as  causes  of  fermentiition.  Recently, 
fungi  refeiTcd  to  this  group  have  been  isolated  from  certain  tumours 
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and  claimed  as  the  cause  of  these  formations  (p.  77).  Certain  blasto- 
mvcetes  also  give  rise  to  a  form  of  dermatitis.  Torulie  are  common 
in  the  stomach  either  alone  or  in  company  with  sarcinae.  They  are 
frequently  found  in  diabetic  urine,  but  not  at  the  time  it  is  passed, 
being  deposited  from  the  air  and  growmg  readily  in  the  saccharine 
Huid. 

Thrush. — In  this  disease  pale  grey  patches  adherent  to  the  mucous 
membrane  form  in  the  mouth,  pharynx,  and  gullet,  either  of  children  at 
the  breast  or  of  adults  exhausted  by  wasting  diseases  (e.g.,  typhoid  fever, 
phthisis).  These  patches  are  due  to  the  growth  of  the  oidium 
albicans,  a  parasite  of  which  the  botanical  position  is  doubtful.  It  is 
generally  regarded  as  a  mould ;  but  Grawitz  states  that,  when 
cultivated,  this  fungus  shows  itself  to  be  a  yeast,  and  probably  the 
Mycoderma  vini,  which  he  has  proved  capable  of  growing  on  mucous 
membranes.  The  patches  consist  of  tortuous,  often  branched  filaments, 
formed  of  long  cells  united  end  to  end  and  distinctly  constricted 
where  they  join.  The  filaments  end  in  rounded  cells,  which  produce 
one  or  more  spores :  these  form  heaps  in  the  epithelium  (Fig.  174). 

The  Hyphomycetes  or  Moulds. 

These  consist  of  filaments  (Jii/phce)  formed  by  a  single  row  of  cells 
placed  end  to  end,  growing  by  means  of  an  apical  cell  which  elongates 
and  divides  transversely.  Lateral  offshoots  are  common,  but  dichoto- 
mous  branching  is  rare.  Hyphse  may  occur  singly,  but  usually  they 
are  numerous,  intertwining  loosely  or  closely  so  as  to  form  a  feltwork 
(^myceUimi).  All  spring  from  an  axis  or  germinal  tube  whi,ch  grows 
chrectly  from  a  germinating  sjjore.  Their  growth  is  extremely  slow 
compared  with  that  of  bacteria  (p.  256). 

In  the  adult  plant  the  hyphse  are  of  two  kinds:  (1)  the  mUritwe,  which 
grow  into,  and  extract  nourishment  from,  the  culture-soil,  forming  the 
mj'celium  ;  and  (2)  the  reprodnctive,  which  spring  from  the  mj'celium, 
and  stand  up  from  the  substance  in  which  it  lies  :  these  are  called 
aerial  or  fruit-hyphse.  They  are  simple  or  branched,  and  bear  at  their 
ends  spores  or  sexual  organs.  Reproduction  is  either  asexual  or  sexual ; 
the  two  methods  may  occur  together  on  the  same  plant,  or  may  alter- 
nate regularly  or  irregularly.  In  either  case  spores  are  formed — 
round,  oval,  or  cylindrical,  smooth  or  irregular,  coloured  or  colourless  : 
most  are  motionless,  but  some  "  swarm."  Each  consists  of  a  little 
mass  of  protoplasm,  surrounded  by  an  envelope,  which  is  made  up  of 
an  outer  {exosjmrium)  and  an  inner  {endosporium')  layer:  the  exosporium 
is  often  pigmented.  All  spores  have  great  power  of  resisting  the 
action  of  physical  and  chemical  agencies,  and  retain  life  for  long 
periods  ;  those  formed  asexually  are  ready  at  once  to  germinate, 
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but  those  due  to  a  sexual  process  almost  always  require  a  rest.  Tlie 
latter  are  the  true  rexliiig-xporcs ;  but  this  name  is  often  applied  to 
all  spores  capable  of  retaiiiiiif>-  life  for  loiif?  periods  in  s))ite  of  adverse 
conditions. 

To  understand  the  above  and  what  follows,  the  student  should 
examine  a  few  moulds  from  tin;  surface  of  thin  jam,  j)aste,  decaying 
fruit,  or  the  surface  of  a  slice  of  potato  which  has  been  exposed  for  an 
hour  or  two  in  a  dwelling-room.    In  all,  the  aerial  portion  is  easilv 


Fig.  175. — Methods  of  Reproduction  of  Hyphomycetcs  (Diagrammatic'). 
A ,  Penicillium  glaucum ;  B,  Eurotium  repens,  .Aspergillus  niger 
(in  section) ;  C,  Mucor  mucedo  (in  section)  ;  D.  Conjugation 
(Mucor);  E,  E' ,  se.xual  reproduction,  fertilisation  (Eurotium);  an, 
antheridium  ;  as,  ascus;  asg,  ascogonium  ;  c,  columella  ;  cn,  coni- 
diophore  ;  /,  fruit-bearing  hypha;  hyphas  covering  ascogonium 
forming  perithecium  ;  m,  mycelium  ; /M,  perithecium  ;  .c/,  spores  ; 
spa,  sporangium  ;  sph,  sporangiophore  ;  st,  sterigmata  ;  zygospore. 
(.\rter  PrantI  and  Vines.) 

studied,  and  the  mycelium  is  readily  shown  by  crushing  a  hit  of  the 
culture-ground  under  a  cover-glass. 

Asexual  spore-formation  occurs  in  three  ways  (Fig.  175): 

(1)  Hyphae  spring  from  the  mycelium,  and  perhaps  branch.  The 
terminal  cells  divide  transversely  into  spores  (co«/r//V/),  which  either  tall 
.away  singly  or  form  chains. 

(2)  A  hypha  {sporangiophore)  stands  up  from  the  mycelium,  and  its 
end  swells  into  a  ball  {sporaiigiavi)  full  of  ])rotoi)lasm,  which  segments 
and  forms  conidia. 

(3)  From  the  surface  of  a  knob  on  the  end  of  a  hypha  {conidiophore) 
]ieg-like  jirocesses  {.sle-rigma/a)  sprout,  each  sterigma,  bj'  growth  and 
transverse  division,  forming  a  chain  of  spores. 
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Sexual  rejiroduction  occurs  in  the  following  ways : — 

(1)  Conjugation. — The  apical  cells  of  two  hyphae  meet  end  to  end 
nid  blend  into  one  cell  (zi/gospore).  From  this,  after  a  longer  or 
shorter  rest,  a  sporangio))hore  s])routs,  and  from  its  spores  new  plants 
orow,  as  in  Mucor. 

(2)  Fertilisation. — The  end  of  a  hypha  becomes  twisted  like  a 
t  orkscrew,  more  and  more  closely,  until  the  turns  form  a  continuous 
tiiije — the  ascogonium.  From  the  lower  turns  spring  fine  branches, 
line  of  which  (ant/icridiiim)  conjugates  by  its  apex  with  the  ascogonium: 

he  others  simply  cover  the  ascogonium  continuously,  and  are  con- 
\  erted  by  division  into  polygonal  cells,  which  form  a  capsule  {peri- 
liecium)  round  it.  Many  transverse  septa  form  in  the  tube  of  the 
ascogonium,  and  from  the  cells  thus  2Ji'oduced  flask-shaped  lateral 
])rojections  {(isci)  develop  :  in  each  of  these,  eight  spores  generally 
appear.  The  perithecium  thins  as  the  asci  enlarge,  the  walls  of  the 
asci  disappear,  and  an  easily  ruptured  sphere  of  spores  remains.  When 
these  germinate  the  endospore  swells,  splits  the  exospore,  and  throws 
out  the  germinal  tube,  whence  springs  the  mycelium. 

Conditions  of  Life.  Food. — Possessed  of  no  chlorophyll,  moulds 
are  unable  to  build  up  carbon-compounds.  They  assimilate  those  built 
up  by  other  plants  or  animals.  They  are  therefore  always  either 
Naprophytes  or  parasites :  in  the  latter  case  they  may  kill  their  host. 
They  require  a  free  supply  of  oxygen  ;  but  some  can  obtain  it,  at 
least  for  a  time,  by  decomposition  of  organic  compounds  like  sugar. 
Thus,  Mucor  racemosux,  cultivated  on  the  surface  of  a  saccharine 
liquid,  absorbs  oxygen,  oxidises  some  of  the  sugar,  forming  carbon 
dioxide,  and  grows  rapidly.  If  deprived  of  oxygen,  as  by  immer- 
sion, only  the  mycelium  grows,  and  this  becomes  broken  up  into  short 
cells,  which  multiply  by  budding,  and  much  resemble  yeast-cells.  The 
i^rowth  is  then  much  slower,  carbon  dioxide  escapes  in  bubbles,  and 
alcohol  appears  in  the  liquid.  These  changes  soon  cease,  and  the  pro- 
■ess  can  only  be  started  again  by  a  fresh  supply  of  oxygen  (Duclaux). 
Some  moulds,  such  as  Penicillium  glaucum,  and  Asj)e7gi/lus  niger,  have 
no  power  of  thus  obtaining  oxygen,  and  die  if  cut  oft"  from  the  free 
uas.  The  change  in  the  character  of  growth  above  mentioned,  accom- 
panying changes  in  conditions  of  life,  has  been  pointed  to  as  evidence 
in  fiivour  of  the  mutability  of  bacteria. 

Liglil. — Many  moulds  can  develop  completely  without  light  :  some 
l  equire  it  for  the  formation  of  spores  and  other  processes. 

Temperature. — Ziegler  states  that  moulds  flourish  best  at  tem- 
peratures below  that  of  the  body,  and  that  some  will  not  grow  at  all  at 
so  high  a  temperature.  A  few  species  of  Aspergillus  and  Mucor  grow 
well  between  95°  and  105^  F.  The  spores  are  as  resistant  to  external 
agencies  as  are  those  of  bacteria. 

Water,  or  at  least  dampness,  is  essential  for  the  growth  of  moulds. 
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Moulds  are  associated  with  processes  of  rolling  or  dean/.  Tlu- 
))eeuliar  smell  and  taste  which  they  impart  is  well  known.  Tin- 
products  of  their  life-action  have  not  been  closely  investi{i;ated,  but 
they  are  neither  very  poisonous  nor  very  irritatiufr,  so  far  as  InniKni 
tissues  are  concerned. 

Distribution. — The  spores  of  moulds  are  much  more  numerous 
in  the  air  than  are  other  organisms.  They,  therefore,  constantiv  fall 
u])on  the  skin  and  enter  the  air-passages  with  air  and  the  food- 
passages  with  food.  As  a  rule,  they  find  no  nidus  suitable  for  their 
development :  the  supply  of  free  oxygen  is  often  insufficient,  and  tli<- 
temperature  too  high.  Certain  of  them,  however,  when  brought  intu 
contact  with  accumulated  inflammatory  discharges,  or  with  sloughs, 
take  root  and  fructify.  This  is  most  likely  to  occur  in  the  nose,  mouth 
and  pharynx.  They  are  here  .saprophytes,  but  the  products  to  which 
they  give  rise  may  irritate  the  living  tissues  lying  beneatli  the  parts  in 
which  they  grow.  Species  of  Mucor  and  Aspergillus  are  tho.se  com- 
monly found  under  these  conditions. 

Pathogenic  Moulds. — Owing  to  the  peculiarities  mentioned  in 
their  life-historj'^,  these  fungi  have  but  little  power  of  invading  living 
tissues.  Certain  skin-diseases  are,  howevei",  due  to  the  growth  of 
species  of  this   class  in  epidermic  structures:  they  are  (1)  Faiiix  ; 

(2)  Tinea  tonsurans,  T.  kerion,   T.  circinata,   T.  sifcosis,  T.  unguium ; 

(3)  Tinea  versicolor,  and  (4)  Erythrasma.  The  fungi  causing  the  diseases 
actinomycosis  and  mycetoma  or  Madura  foot  have  been  sometijTies 
assigned  to  this  class.  Their  exact  position  is  still  undecided,  but 
they  are  generally  regarded  as  forms  of  streptothrix.  Instances  of  the 
invasion  of  living  tissues  by  varieties  of  Aspergillus  (^A.  fumigatiis. 
A.  ?iiger)  are  occasionally  met  with.  Thus  by  the  growth  of  the  ftuigu'- 
in  the  lungs  a  disease  is  produced  somewhat  resembling  tuberculosi-- 
in  its  symptoms  {^Pneumomycosis  or  Aspergillosis)  (p.  .337).  A  form  of 
Mucor  has  been  described  as  giving  rise  to  a  dermatitis  closely  resem- 
bling scabies  (Luck) :  the  same  fungus  was  also  found  in  a  case  of 
intestinal  ulceration  complicated  by  cerebral  abscess  (Paltauf). 

Favus. — The  Achonon  Schdnleinii  forms  almost  the  whole  of  tin- 
light  yellow,  mouldy-smelling  crusts  characteristic  of  Favus.  On  hairy 
parts — the  usual  seats  of  the  disease — the  hairs  are  always  invaded, 
especially  the  roots.  Here  the  parasite  grows  luxuriantly,  but  it  does 
not  extend  far  up  the  shaft ;  its  primarj'  seat  is  the  epithelium  of  the 
hair-follicle.  On  other  parts  the  mycelium  invades  the  deeper  layers 
of  the  epidermis,  and  may  even  penetrate  to  the  corium :  in  this  case 
the  local  irritation  will  be  more  marked.  The  mycelium  consists  of 
unjointed,  branching,  confusedly  intercrossing  tubes ;  in  certain  of 
them,  which  become  divided  into  joints,  oval  spores  form. 

The  nails  are  verj'  rarely  invaded,  and  then  only  by  mycelium. 
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Tinea  tonsurans.  —  The  Trichophijton  tonmrans  is  generally 
assiuued  to  be  the  one  parasite  common  to  Tinea  tonsurans,  Tinea 
kerion,  Tinea  circinata,  Tinea  sycosis,  and  Tinea  unguium.  Different 
varieties  have  lately  been  described.  These  are  distinguished  by  the 
size  of  the  spores  (7*.  megaloxpomn,  T.  microsporoii),  their  position,  either 
w  ithin  the  hair-shaft  (^i'ii(luf/irix)  or  outside  it  (ectotlirix)  and  their  culture- 
results  (Sabouraud).    These  forms  are  not  found  growing  together. 

When  the  hair  is  affected,  the  root  and  the  lower  part  of  the  shaft 
;ire  ci-ammed  with  spores,  lying  in  rows  between  the  fibrils  of  the 
degenerated  hairs,  which  are  opaque  and  brittle  (Fig.  176).  It  is 
doubtful  how  far  the  fungus  makes  its  way  down  between  the  shaft 
and  tlie  wall  of  the  follicle  before  it, penetrates  the  former.  The 
hair  breaks  just  beyond  the  scalp,  leaving  a  stubbly  line  of  split  or 
twisted  ends.    Epidermic  scales  from  the  surface  of  the  scalp  may 


l-'iG.  176. — Hair-shaft  iiifcclcd  'lui/h  Trichophyton  tonsurans.    Showing  mycelium 
and  spores  on  surface  and  in  substance  of  hair-shaft,     x  250. 

contain  the  fimgus,  but  the  deeper  living  cells  of  the  root-sheaths 
are  always  free  from  it  (Thin  and  Taylor).  Spores  are  abundant,  and 
oval  in  shape  ;  mycelial  threads  are  .rare.  Points  worth  remembering 
in  connection  with  the  luidoubted  fungoid  origin  of  the  disease  are 
(I)  its  usual  limitation  to  children;  (2)  its  tendency  to  fasten  upon 
the  weakly ;  (3)  its  great  contagiousness  when  acute,  diminishing  as  it 
becomes  chronic  ;  and  (4)  its  greater  severity  when  contracted  from 
animals,  as  the  horse  {^rnchophyton  megalosporoii).  It  may  excite  severe 
irritation  and  even  suppuration — T.  kerion. 

Tinea  circinata. — ^Hei-e  the  jwasite  infests  epidermic  cells, 
always  causing  desquamation,  sometimes  vesiqulation,  or  even  more 
severe  inflammation.  It  spreads  uniformly  from  the  point  at  which  it 
first  takes  root,  and  consequently  assumes  the  form  of  a  gradually 
enlarging  circle.  The  central  parts  of  the  fungus  die,  and  the  growing 
edge  produces  a  ring  of  hyperaemia  m  its  neighbourhood.  Mycelium  is 
jjresent  chiefly  in  the  form  of  very  long,  jointed  and  branched  tlireads  ; 
the  spores  are  scanty,  single,  or  in  short  chains.  The  fungus  altogether 
is  often  scanty,  and  is  esjiecially  difficult  to  detect  if  it  has  excited 
inflammation. 
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Tinea  sycosis.  ('I'rick.  vicgahxjioron.) — When  attackiiif;-  the  beard 
the  fundus  is  fuiind  chieH}'  in  the  liair,  but  also  in  the  fbUicle  ;  both 
niyeeUuni  and  sjjores  are  seen,  tlie  hitter  in  excess,  but  not  so  markedly 
as  in  T.  tonsurans.  Tiie  mycelium  generally  lies  round  the  root  of  the 
hair,  and  is  pulled  ont  of  the  sheath  with  it.  Severe  inflammation  is 
^{•enerally  excited. 

Tinea  unguium. — Mycelial  threads  of  trichophyton  may  occa- 
sionally invade  a  finger-nail,  rendering  it  opaque,  thick  and  brittle. 
Unlike  the  effects  of  a  general  disease,  these  changes  occur  in  two 
or  three  nails  only,  and  the  toe-nails  are  scarcely  ever  affected.  In 
this  situation  it  is  extremely  difficult  to  destroy. 

Chloasma,  Pityriasis  versicolor.  —  'I'he  Microsporon  furfur 
invades  the  horny  layer  of  the  epidermis  of  covered  parts  of  the  trunk, 
growing  more  superficially  than  any  of  the  above,  rarely  causing 
irritation  and  not  attacking  nails  or  hair.  It  consists  of  jointed 
mycelial  threads,  which  are  always  abundant ;  and  spores,  which  vary 
in  form,  lie  in  groups  and  grow  at  the  ends  of  the  mycelial  threads.  It 
can  be  easily  cultivated. 

Erythrasma  is  a  rare  disease,  due  to  the  growth  of  the  Microsporon 
mill  III  isximum. 


CHAPTER  X. 

INFECTIVE  DISEASES. 

SEPTICEMIA  AND  PYAEMIA. 

The  diseases  known  as  Saj)rcemia,  Septiccemia,  and  Pya^nia  result  from 
the  absorption  and  dissemination  throughout  the  body  of  organisms — 
mainly  pyogenic  cocci — and  then-  products,  usually  derived  from  the 
septic  discharge  of  some  wound  or  focus  of  suppuration. 

Under  Saprcemia  {Septic  Intoxication)  are  included  those  forms  of 
septic  absorption  which  are  due  to  the  introduction  of  the  chemical 
products  of  the  organisms  without  the  organisms  themselves;  and. 
under  Seplicwmia  (Septic  Infection:)  those  forms  due  to  the  introduc- 
tion and  multiplication  of  the  organisms  within  the  body.  Neither  of 
these  diseases  is  accompanied  by  secondary  sujipuration.  Pj/miiia,  on 
the  other  hand,  is  a  term  used  to  denote  those  cases  of  septic  absorp- 
tion which  are  characterised  by  the  presence  of  septic  emboHsm  and 
abscesses.  The  three  conditions  are  frequently  associated.  These 
maladies  were  formerly  the  chief  causes  of  the  mortidity  in  large 
surgical  hospitals,  and  the  overcrowding  of  patients  with  septic  wounds 
was  indirectly  the  cause  of  these  diseases.     Almost  every  case  was 
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due  to  the  infection  of  a  previously  existing  wound  witli  organisms 
conveyed  by  fingers,  instruments,  dressings,  or  air. 

1.  Sapraemia. — The  constitutional  effects  produced  by  the  absorp- 
tion of  septic  organisms  are  always  due  to  the  toxic  effects  of  their 
products.  It  is  theoretically  conceivable  (1)  that  in  some  cases  these 
j)roducts  may  be  absorbed  without  any  of  the  organisms  which  gave 
rise  to  them  ;  and  (2)  that,  even  if  any  organisms  be  simultaneously 
introduced,  they  may  be  accompanied  by  so  large  a  quantity  of  the 
poisonous  products  that  death  will  follow  before  the  organisms  have 
time  to  multiply  and  afford  proof  of  their  presence.  In  both  these 
instances  symptoms  will  rapidly  follow  infection — as  in  any  other  case 
of  chemical  poisoning — ^and  in  both  the  disease  will  be  non-infective, 
that  is,  the  inoculation  of  another  person  with  small  quantities  of  the 
riuids  from  the  body  of  an  individual  suffering  from  the  disease 
(sapra;mia)  will  fail  to  produce  the  condition,  for  there  has  been  no 
time  for  the  multiplication  of  any  organisms  simultaneously  introduced, 
while  the  products  themselves  have  no  power  of  self-multiplication. 
If,  in  the  second  instance,  the  patient  survive  the  immediate  effect  of 
the  saprcemia,  the  organisms  simultaneously  introduced  may  develop 
and  their  products  give  rise  to  less  acute  but  gradually  increasing 
effects  precisety  similar  to  those  resulting  from  the  introduction  into 
the  body  of  a  number  of  septic  organisms  without  any  large  quantity 
of  their  products  {scpticcemid).  In  this  case  the  organisms,  the  source  of 
the  poison,  will  multiply  and  become  so  generally  distributed  that  a 
single  drop  of  blood  may  suffice  to  inoculate  another  patient  with  the 
disease. 

To  produce  in  an  adult  death  from  scqmemia  it  is  probable  that 
more  than  one  ounce  of  putrid  serum  or  jius  must  be  introduced  at  one 
time.  It  is  obvious,  therefore,  that  this  form  of  septic  poisoning  can 
occur  only  where  extensive  surfaces  are  open  to  the  absorption  of  large 
quantities  of  septic  jDroducts  under  considerable  pressure.  Such  con- 
ditions may  exist  in  bad  compound  fractures,  in  wounds  of  large  joints 
or  of  serous  cavities,  and  in  the  uterus  immediately  after  parturition. 
Any  of  these  may  form  an  extensive  culture-ground  for  organisms,  the 
products  of  which  may  be  rapidly  absorbed.  It  is  worthy  of  note  that 
absorption  takes  place  with  comparative  difficulty  from  a  granulating 
surface  ;  hence  septic  intoxication  is  commoner  as  an  immediate  result 
of  an  operation  or  injury  than  at  later  stages,  when  granulation-tissue 
has  had  time  to  form.    Pure  saprccmiu  without  any  septicemia  is  rare. 

2.  Septicaemia. — Instances  of  septicceniia  apart  from  an  initial 
saprwrnia  are  more  commonly  met  with.  Infection  may  occur  from  the 
smallest  prick  ;  no  lai-ge  wound  is  necessary.  The  organisms  grow  in 
the  blood,  and  small  numbers  can  be  found  when  it  is  examined.  Many 
adhere  to  the  endothelium  of  the  capillaries,  and  by  their  growth  and 
'•'  dumping  "  form  plugs  which  block  the  vessels,  in  some  cases  giving 
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rise  to  minute  liivmorrhages  and  occasionally  to  miliary  abscesses.  The 
factors  which  determine  why  in  one  case  these  orf^anisms  ])roduce  a 
local  abscess  and  in  another  blood-poisoning  have  been  already  con- 
sidered (p.  166").  They  depend  principally  uj)on  the  virulence  oi' 
the  organisms  and  the  kind  of  chemotaxis  to  which  they  give  rise ; 
but  in  any  case  the  sym])toms  are  due  to  the  chemical  products  of  the 
organisms. 

The  pox/ - III 0 lion  chaiigex  in  Sapnmnia  and  Septicnnnia  are  indefinite, 
but  practically  identical,  l^ecomposition  sets  in  early,  owing  to  the 
organisms  present.  The  lining  membrane  of  vessels  and  heart  is 
often  blood-stained  from  the  rapid  disintegration  of  the  red-corpuscles. 
Minute  hamorrhages — probably  due  to  increased  permeability  of  the 
vessels — may  be  found  anywhere  ;  and  the  spleen  is  enlarged.  The 
bases  of  the  lungs  are  congested,  partly  because  of  the  changes  in  the 
vessels  and  partly  because  of  the  heart-failure  which  precedes  death. 

3.  Pyaemia. — Pyaemia  differs  from  septicaemia  in  that  the  absorp-' 
tion  and  dissemination  of  the  poison  give  rise  not  only  to  a  general 
infective  disease,  but  also  to  scattered  abscesses.  This  is  the  distinctive 
pathological  characteristic  of  the  disease.  It  is  always  accomjjanied  by 
some  septicaemia. 

The  source  of  infection  is  usually  some  suppurating  womid ;  but 
cases  may  arise  independently  of  anj''  wound,  as  is  seen  in  acute  osteo- 
i^iyelitis,  infective  endocarditis,  and  those  i"are  cases  of  "  spontaneous  " 
pyaemia  in  which  no  primary  lesion  can  be  found.  In  these  cases  the 
poison  has  probably  entered  through  some  trivial,  unobserved  lesion  in 
the  skin  or  mucous  membrane.  As  in  septicaemia,  it  gains  access  to, 
and  is  distributed  by,  the  blood.  Any  of  the  pyogenic  organisms  are 
capable  of  producing  pyaemia,  but  the  Streptococcus  pyogenes  is  the  one 
most  freipiently  found  (p.  292). 

The  secondary  abscesses  are  of  two  kinds:  (l)  those  which  follow 
embolism,  and  (2)  those  Avhieh  occur  without  any  apparent  local 
cause. 

(l)  The  Jirsl  kind  of  abscess  is  due  to  septic  embolism  (p.  21 4-). 
Suppurative  phlebitis  occurs  in  a  vein  connected  Avith  a  septic  wound. 
Thrombosis  in  the  vein  follows.  The  thrombus  softens  (p.  203),  and 
the  resulting  fragments  are  carried  on  in  the  circulation.  These 
become  arrested  in  the  pulmonary  capillaries,  or,  if  small  enough,  jiass 
through  them  and  are  lodged  in  the  kidney  or  spleen.  Wherever 
these  infective  fragments  are  arrested,  suppuration  occurs.  Thus, 
suppuration  in  the  middle  ear  may  produce,  by  direct  extension,  inflam- 
mation in  the  wall  of  the  lateral  sinus  and  consequent  thrombosis. 
Fragments  of  the  softened  clot  may  be  carried  to  distiint  parts,  and 
give  rise  to  ulcerative  endocarditis,  and  abscesses  in  the  lungs  and 
kidneys. 

Embolic  abscesses,  due  to  pyaemia,  are  most  frequent  in  the  lungs, 
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but  may  be  found  in  the  liver,  spleen,  kidneys,  and  brain.  'I'liey  may 
occur  in  any  vascular  part.  They  lie  generally  upon  the  surface  of 
organs  immediately  beneath  the  capsule.  They  vary  in  size  between 
that  of  a  chestnut  and  that  of  a  split  pea,  are  usually  multiple,  and 
may  be  very  numerous.  They  are  surrounded  by  a  hyperaemic  zone. 
Often  more  than  one  organ  is  affected,  and  these  abscesses  may  occur 
Avith  others  of  the  second  kind.  Sometimes  the  lungs  escape,  while 
other  organs,  lying  beyond  them  on  the  blood-path,  are  affected. 

Suppurative  pylephlebitis  or  portal  pya;mia  is  a  local  variety  occur- 
ring as  a  rare  com])lication  of  chronic  ulceration  in  any  part  of  the 
gastro-intestinal  tract,  of  suppuration  of  the  gall-bladder,  or  in  the 
neighbourhood  of  the  portal  fissure,  or  of  inflammation  of  the  umbilical 
vem  in  newly-born  infants.  It  gives  rise  to  small  multiple  abscesses, 
often  scattei-ed  throughout  the  liver,  but  always  in  connection  with 
branches  of  the  jjortal  vein. 

(2)  The  second  kind  of  abscess  is  a  diffuse  supjDuration  occurring  in 
the  subcutaneous  and  intermuscular  connective-tissue,  in  the  joints 
and  in  the  serous  membranes.  In  these  cases  the  irritant  is  conveyed 
to  the  sjjot  by  the  blood,  and  lodges  there,  either  because  the  nidus  is 
suitable,  or  because  some  capillary  embolism  has  occuiTed.  This  form 
of  suppuration  may  occur  alone  or  be  combined  with  the  first  variety. 

A  disease  somewhat  similar  to  pyaemia  has  been  produced  in 
animals  by  the  introduction  of  jjyogenic  cocci  into  the  blood. 

Besides  the  abijcesses,  the  following  i^ost-moiiem  changes  may  be 
found.  As  in  all  septic  diseases,  rigor  mortis  is  feeble  and  decomposi- 
tion sets  in  early.  Emaciation  is  generally  marked,  and  the  skin 
yellow  or  jaundiced.  Petechise  may  be  present.  The  wound,  if  there 
be  one,  is  sloughy,  off"ensive,  and  perhaps  surrounded  by  diff'use  inflam- 
mation. Thrombi  are  present  in  one  or  more  inflamed  veins  leading 
from  the  focus  of  infection,  and  are  undergoing  infective  puriform 
softening  (see  Phlebitis)  ;  the  ends  of  one  or  more  thrombi  perhaps  pro- 
ject into  a  large  vein  in  which  the  circulation  is  not  an-ested.  The  blood 
is  generally  normal  to  the  naked  eye,  but  microscopicallj'^  it  contains 
an  excess  of  leucocytes.  Hypostatic  congestion  of  the  lungs  is 
generally  present,  the  spleen  is  large  and  pulpy,  and  the  liver  and 
kidneys  show  cloudy  swelling. 


TUBERCULOSIS. 

Tuberculosis  is  an  infective  disease  due  to  the  growth  of  the 
Bacillus  tuberculosis  in  the  tissues  of  the  body  (p.  28.5).  The  naked-eye 
manifestation  of  the  growth  of  this  organism  is  the  formation  of  small 
circumscribed  inflammatory  lesions  known  as  "tubercles."  When  these 
are  distributed  throughout  the  body,  the  disease  produced  runs  a  rapid 
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course,  and  is  known  us  (iculc  general  liilx-ivii/usix ;  wlien  tliey  are  limited 
to  a  special  organ  or  tissue,  the  disease  is  of  nuich  longer  duration, 
and  is  termed  loraJ  liihciviilosis — e.g.,  tuberculosis  of  the  lungs.    A  local 

tuberculosis  often  serves  as  a  j)oint  of  origin  for 
y"^  general  infection  (acute  general  tuberculo.\is). 


\    I  MORPHOLOGY  OF  THE  BACIL- 

I  LX7S. — The  bacillus  is  a  minute  organism,    n  to 

^  6  fi  long — two  or  three  j)laced  end  to  end  being 

S  thus  equal  to  the  diameter  of  a  red  blood-cor- 

I       "  puscle.    It  is  very  thin  (1  to  I  of  its  length), 

/    ^  motionless,  and  rounded  at  the  ends.     It  can 
be  easily  seen  when  stained  by  the  Ziehl-Xeelsen 


Fig.  177. — Bacillus  tuber- 
culosis.   X  looo.         (P-  279)  or  by  Grams  method  (p.  278),  and 

closely  resembles  leprosy-  and  smegma-bacilli. 
It  has  generally  a  beaded  appearance,  clear  spots  alternating  with 
stained  parts  (Fig.  177).  The  bacilli  are  usually  straight,  but  ma)-  be 
curved  :  in  the  large  majority  of  cases  they  occur  singly,  but  occasionally 
are  found  in  pairs.    Multiplication  is  very  slow  and  takes  place  by  fission. 

The  organisms  can  be  cultivated  on  media  containing  glycerine  or 
blood-serum  and  are  aerobic.    Their  growth  is  invariably  slow,  and  it 
is  only  after  some  weeks  that  a  culture  presents  its  most  character- 
istic appearance.    By  that  time  the  colonies  have  to  the  naked  eye 
a  heaped-up,  scaly  appearance,  the  older   parts^  looking  drj-  and 
shrivelled  (Fig.   179)-     When  examined  under   the  microsco])e  the 
margins    of    the    colonies    show  a 
peculiar  wavy  form,  due   to  pai'allel 
chains  of  organisms  following  the  same 
curve  (Fig.  178).    As  the  bacilli  thrive 
only  at  a    comparatively  high  tem- 
perature (82°  F.  to  108°  F.),  they  do 
not  multijjhj  outside  the  body,  but  live 
a  wholly  parasitic  life.  They  can,  how- 
ever, exist  outside  the  body  for  some 
weeks,  and  have  even  been  found  to 
retain  their  virulence  after  such  exist- 
ence for  six  weeks  in  putrid  sputum, 

,  ^        .  •      ii      J         4.  4.„    Flc.   178.  —  Tuhcrclc-bacilli,  from  a 

and  for  six  moiiths  nr  the  dry  state      ^^^^^     blood-serun,,  .showing  the 

In  putrid  fluids  they  do  not  long  hold     ^^,^^,y  Hnes.    x  500.  (After 

their  own  against  the  rapidly  multi-  Koch.) 
plying   sejjtic  organisms,  which  are 

better  adapted  for  the  ordinary  conditions  outside  the  body.  Their 
virulence  is  very  constant  ;  nearly  two  years'  cultivation  failed  to  atten- 
uate it  (Koch).  The  bacilli  are  readily  destroyed  by  boiling  and  by 
sunlight.  Desiccation  without  sunlight  does  not  destroy  them.  They 
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resist  the  action  of  .1  1  :  1000  solution  of  perchloride  of  mercury  for 
some  minutes.    A  1  :  20  solution  of  carbolic  acid  acts  more  raj)idly. 

PRODUCTS  OF  THE  BACILLUS.— Koch  concentrated 
and  filtered  the  products  of  the  bacilli,  and  called  the  filtrate  thus 
obtained  tuberculin.  When  injected  into  infected  animals  this  substance 
])roduces  fever  and  a  marked  local  inflammation  in  the  neighbourhood 
of  the  tuberculous  foci,  leading  in  many  cases  to  further  caseation 
and  dissemination  of  the  disease  ;  but  when  injected  into  animals  fi'ee 
from  tuberculosis  it  produces  no  effect,  save,  in  some  cases,  a  slight  and 
transient  rise  of  body-temperature.  The  B.  tuberculosis  produces  three 
classes  of  poisons:  (1)  a.  nucleo-albiimm  or  fever-producing  substance, 
(2)  a  vnjslalliiie  fatty  acid  (^necrotic 
acid)  producing  necrosis  of  the 
tissues  with  which  it  is  brought 
into  contact,  and  (3)  a  direct 
poison,  concerning  which  little 
is  known.  It  has  been  found 
that  the  intraperitoneal  or  intra- 
venous injection  of  the  dead 
bacilli  will  cause  the  formation  of 
tubercles  in  those  organs  to  which 
the  dead  organisms  are  carried. 

SOURCES  OF  THE 
BACILLUS.— In  every  case 
of  tubercular  disease  the  bacilli 
are  introduced  from  without,  and 
are  derived  directly  or  indirectly 
from  some  previous  case  of  the 
disease  in  man  or  animals.  The 
two  principal  sources  of  bacilli 
are  (l)  the  sputum  of  persons  with 
tubeivulous  lungs,  and  (2)  the  milk 
of  cows  with  tuberculous  udders. 

1.  Sputum.  —  When   it  is 
remembered   that   about  one- 
seventh  of  mankind  die  of  pul- 
monary tuberculosis,   and   that,  F'G.  lyg.— Tubercle-bacillus.  .Surface-culture 
in    the   majority  of  cases,   the  on  glycerine-agar. 

patients,  for  weeks  or  months, 

expectorate  large  quantities  of  bacilli,  without  any  precautions  being 
taken  against  infection,  it  is  clear  that  there  is  an  ample  supply. 
The  bacilli,  with  small  particles  of  mucus,  expelled  by  coughing,  may 
be  inhaled  directly  by  the  healthy  ;  but  the  sputum  which  dries  upon 
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haiidkcivhiets,  bedding,  ganneiits,  furniture,  and  tin-  walls  and  floors 
of  workshops  and  otlier  rooms,  tlienec-  to  be-  detaclu-d  as  (hist,  a))j)ears 
to  be  the  most  fertile  source  of  infection. 

2.  Milk  When  the  disease  of  the  uilders  is  extreme,  tubercle- 
bacilli  can  be  found  in  the  milk  ;  but  wlien  the  disease  is  less  marked, 
its  infective  quality  can  only  be  shown  by  inoculation,  and,  less  certaiidy, 
by  feeding.    Butter  made  from  infected  milk  is  itself  infective. 

Other  sources  of  tubercle-bacilli  exist,  but  they  are  rare  :— 

3.  The  feeces  and  the  urine,  in  cases  of  tuberculosis  of  the 
intestine  and  the  genito-urinaiy  tract  respectively,  and  the  discharges 
from  tuberculous  abscesses  and  ulcers,  are  infective. 

4.  J'ubercle-bacilli  may  be  occasionally  conveyed  in  tuberculous 
meat.  The  muscles  themselves  are  rarely  involved,  but  infected 
glands  may  be  left,  or  the  meat  during  its  removal  may  be  smeared 
with  tuberculous  material.  The  surface  of  meat,  however,  is  generally 
raised  to  a  temperature  over  lOO''  C.  in  the  jn-ocess  of  cooking;  anil 
this  source  of  infection  is,  therefore,  practically  confined  to  those  cases 
in  which  glands  are  eaten,  or  in  which  raw  meat  is  prescribed  in  the 
treatment  of  disease. 

5.  Tuberculous  parents  may  infect  their  offspring  during  intra- 
uterine development.  This  jmssibility  will  be  referred  to  under  the 
next  section. 


MODES  OF  ENTRY  There  are  four  possible  ways  in  which 

tubercle-bacilli  may  enter  tlie  body:  (l)  inhalation,  (2)  feeding,  (3)  iii- 
ociilation,  and  (4)  in  utcro  Jrom  the  mulhcr. 

1.  Inhalation. — The  inhalation  of  tubercle-bacilli  is  a  frequent 
cause  of  the  disease,  especially  in  adults.  This  is  shown  by  the 
frequency  with  which  the  lungs,  and  the  lungs  alone,  are  involved  ; 
by  the  readiness  with  which  animals  can  be  similarly  infected,  and  by 
the  accidental  death,  in  one  case,  from  pulmonai-y  tuberculosis,  of  an 
assistant  engaged  in  such  an  experiment.  It  does  not  follow  that  all 
the  tubercle-bacilli  inhaled  pass  into  the  tissues.  In  ordinary  respira- 
tion they  are  not  carried  beyond  the  smaller  bronchi,  where  they  may 
be  deposited,  and  as  they  multiply  but  slowly,  many  are  expelled  by 
ciliary  action  and  coughing  before  they  can  seriously  injure  any  sjjot 
and  effect  an  entrance.  In  the  deep  inspiration  through  the  open 
mouth  which  follows  the  expulsion  of  the  reserve  air  in  coughing,  the 
bacilli  may  be  carried  almost  to  the  inftuidibula,  if  not  to  the  air- 
cells,  Avhile  the  existence  of  pleural  adhesions,  or  of  a  badly  formed 
thorax,  by  limiting  the  movements  of  the  lung  will  lead  to  the  reten- 
tion of  local  secretions. 

Having  no  power  of  locomotion,  the  bacilli  must  be  carried  through 
the  mucous  membrane  like  the  particles  of  carbon  in  anthracosis. 
The  leucocytes,  reaching  the  surface,  may  there  meet,  enclose,  and  in 
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manv  casfs  carry  back  with  them  tlie  bacilli.  If  the  cells  sicken  while 
the  bacilli  survive,  the  latter  may  find  themselves  in  some  place  where 
they  can  thrive,  multiply,  and  produce  their  characteristic  lesions.  In 
catarrhal  states  many  phagocytes  reach  the  inflamed  surface,  and  any 
bacilli  that  may  be  present  are  therefore  more  likely  to  be  introduced 
into  the  tissues.  Not  infrequently  the  bacilli  maj'^  lodge  and  multiply 
in  the  mucous  membrane,  and  the  disease  commence  as  a  local  tuber- 
cular bronchitis.  When  introduced  directly  into  the  alveoli,  they  may 
multiply  and  affect  the  alveolar  epithelium  and  walls  chemically  with- 
out first  entering  them. 

In  the  same  way  in  children,  and  less  frequently  in  adults  who, 
because  of  nasal  obstruction  or  habit,  breathe  through  the  mouth,  the 
bacilli  may  reach  the  cervical  glands  and  distant  organs  through  the 
mucous  membrane  of  the  mouth  and  fauces. 

2.  Feeding. — Tubercle-bacilli  may  also  enter  through  the  alimen- 
tary tract  fi-om  infected  food.  Possibly,  in  some  cases  where  they 
pass  through  the  mucous  membrane  of  mouth  and  fauces,  as  has  just 
been  stated,  they  may  be  derived  from  the  food.  In  the  large  majoritj"- 
of  cases,  however,  bacilli  derived  from  food  enter  by  the  intestine. 

It  is  often  found,  especially  in  children,  that  no  lesion  is  produced 
by  the  bacilli  at  the  point  of  entry,  but  that  marked  changes  may 
occur  in  the  lymphatic  glands  or  in  distant  parts  ;  it  is  also  well 
known  that  marked  local  changes  in  the  walls  of  the  intestine  are 
more  often  due  to  secondary  infection  from  swallowed  sputum  in  the 
case  of  persons  suffering  from  advanced  pulmonary  tuberculosis,  than 
to  primary  infection  from  contaminated  food.  An  explanation  of  these 
facts  is  afforded  by  experiments  on  animals,  for  it  is  found  that  it 
virulent  infective  material,  containing  large  numbers  of  bacilli,  is  used 
mai-ked  local  lesions  occur  at  the  seat  of  invasion,  but  that  if  less 
virulent  material,  containing  only  small  numbers  of  bacilli,  is  employed, 
the  seat  of  mvasion  presents  no  local  lesion,  while  the  neighbouring 
lymphatic  glands  may  be  largely  infected,  and  the  bacilli  be  carried 
thence  to  distant  parts.  Now  it  is  quite  certain  that  the  swallowed 
sputum  in  most  cases  of  advanced  pulmonaiy  tuberculosis  will  contain 
a  far  larger  proportion  of  bacilli  than  infected  food,  and  the  presence, 
or  absence,  of  local  changes  at  the  seat  of  invasion  seems,  therefore 
to  vary  with  the  virulence  of  the  infecting  material. 

3.  Inoculation. — It  occasionally  happens  that  a  wound,  in  an 
otherwise  healthy  person,  becomes  inoculated  with  tubercle-bacilli. 
Nurses  have  been  thus  infected  by  broken  vessels  containing  tuber- 
culous sputum ;  and  persons  taking  part  in  autopsies  on  cases  of 
tuberculosis,  or  wearing  the  ornaments  of  phthisical  relatives,  have 
also  contracted  the  disease  by  the  introduction  of  tuberculous  material. 
In  such  cases  the  organisms  may  produce  catarrhal  inflammations  of 
the  skin  ;  or  they  may  cause  delay  in  the  natural  healing  of  the 
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wound,  and,  liiter  on,  <^ivc  rise  to  i)ro{^re.ssive  infection  of  lym))liatics, 
glands,  and  distant  parts.  Sometimes,  as  in  tlie  case  of  the  lungs  and 
alimentary  tract,  the  bacilli  may  cause  changes  in  the  glands  and 
distant  parts  without  producing  any  visible  lesion  at  the  ])oiiit  of 
entry. 

The  majority  of  the  eases  of  tuberculosis  due  to  inoculation  occur 
secondarily  in  cases  of  ]Hilmonary  tuberculosis,  and  are  thus  com))arable 
to  the  intestinal  tuberculosis  which  results  from  swallowed  sjjutuni. 
Thus,  the  i)atient  may  inoculate  an  excoriation  in  the  hand  from  an 
infected  handkerchief  or  pocket. 

4.  Infection  in  Utero. — This  may  occur  in  cases  of  tuberculosis 
of  the  jilacenta.  'I'he  jjossibility  of  latent  tubercular  disease  being 
conveyed  through  the  medium  of  the  ovum  or  of  the  sj)ermatozoa  will 
be  referred  to  when  the  influence  of  heredity  is  considered. 

There  is  some  difference  of  opinion  as  to  the  principal  seat  of 
invasion  in  instances  of  tuberculosis  occurring  in  young  children.  It 
is  often  stated  that  the  lungs  are  not  affected  in  the  same  propor- 
tion as  they  are  in  later  life  ;  that  the  disease  is  not  so  localised  ;  and 
tliat  the  lymphatic  glands  are  more  universally  affected.  It  is 
also  maintained  that  the  intestine  is  the  part  most  often  attacked 
primarily,  even  in  those  cases  in  which  the  patients  ultimately 
succumb  from  disease  of  the  lung.  It  is  certainly  sometimes  possible 
to  trace  the  infection  from  an  old  calcified  gland  in  the  mesentery,  to 
the  retro-peritoneal,  posterior  mediastinal,  and  bronchial  glands,  and 
thence  to  the  lungs.  On  the  other  hand,  observers  generally  agree 
that,  in  the  large  majority  of  cases  of  tuberculosis  in  children,  the 
bronchial  or  cervical  glands  alone  are  caseous^an  indication  that 
infection  has  occurred  by  inhalation,  or  thi-ough  the  mucous  membrane 
of  the  moutb. 

EFFECTS  OF  THE  BACILLUS  IN  THE  TISSUES.— 

Once  deposited  in  the  tissues,  the  bacillus  proceeds  to  multiply,  and 
to  produce  a  special  lesion  which  for  a  long  time  was  considered 
characteristic,  and  is  known  as  a  tubercle  (Fig.  180).  Each  tubercle, 
as  a  rule,  contains  the  following  elements :  (1)  centrally,  either  one  or 
more  multinucleated  giant-celln,  containing  tubercle-bacilli  (Figs.  181 
and  182),  or  some  granular  debris  surrounded  by  giant-cells;  (2)  out- 
side the  giant-cells, in  most  cases,  large  cells  with  big  nuclei  and  granular 
])rotoplasm, call ed(7;?7/je/zo?V/c'e//,v (fibroblasts);  and  (3)  outside  these  again, 
a  zone  of  hucociites,  which  has  no  definite  external  or  internal  limit. 
The  giant-cells  in  slowly  developing  lesions  often  send  off  processes 
which  anastomose  and  help  to  form  an  open  network  in  the  j)eriphcry 
(Fig.  18.S).  In  the  meshes  of  this  reticulum  the  epithelioid  cells  and 
leucocytes  lie;  In  other  cases  the  reticulum  is  less  prominent,  and, 
according  to  many  observers,  it  is  not  infrequently  absent. 
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Fig.  i8o. — Acute  Tuberculosis  of  Lung,  a,  a\,  cfl,  a^,  recent  tubercles, 
each  made  up  of  several  giant-cell  systems,  in  which  the  giant- 
csUs  are  more  deeply  stained.  In  the  centre  of  a-  marked  caseation 
has  occurred  ;  d,  b^,  small  bronchial  tubes,  at  one  point  ulcerated 
and  dilated,  with  engorged  vessels  (b)  ;  c,  contents  of  bronchial  tube: 
these  consist  principally  of  desquamated  epithelium  and  leucocytes  ; 
<A  small  branch  of  pulmonary  artery,     x  20. 


Fig.  i8i.— Casealing  MnUiiiuclcated  Fig.  \Z2.  —  Tubercle-'xicilli   in  Giant-cell. 

<:ell  from  the  Lung  in  a  Case  nf  Chronic  From  Tuberculosis  cf  Horse.     x  600. 

Phthisis.    Showing    large  number  of  (Cheyne.) 
nuclei,  many  of  which  are  very  indistinct. 
Xo  bacilli  are  shown,     x  600. 
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Fig.  183. — Mull'unicUated  and  Branched  Cells  from  a  firm  Grey  Miliary 
Tubercle  of  the  Lung  in  a  Case  of  Acute  Tuberculosis.  Wide  meshts 
are  seen  in  the  immediate  vicinity  of  the  cells  enclosing  a  few  leuco- 
cytes. The  branched  processes  are  directly  continuous  with  the 
reticulum  of  the  tubercle,     x  200. 


Fig.  li^.  — Tuberculosis  of  the  Liver.  FroniaCase  of  General  Tubercu- 
losis. The  fat  is  unstained  and  is  represented  by  the  pale  areas  in 
the  periphery  of  the  lobules,  a,  a^,  a"^,  n-',  fat  in  the  peripheral  cells ; 
^,  small  branch  of  portal  canal ;  f,  peritoneal  surface;  d,d^,a"-.d^, 
recent  tubercles  ;  e,  c',  intralobular  veins,     x  24. 
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A  non-vascular  nodule  of  the  above  structure  is  the  anatomical 
characteristic  of  tuberculosis,  but  it  is  not  microscopically  distinguishable 
from  the  products  of  other  very  local  chronic  inflammations.  Baum- 
o-arten  produced  typical  "  tubercles  "  in  a  rabbit's  cornea,  by  sticking 
tine  hairs  into  it.  Laulanie  states  that,  in  the  lung-disease  caused  in 
dogs  by  the  Strongi/lm  va.somm,  the  ova  and  embryos  may  be  seen 
in  giant-cells  surrounded  by  zones  of  epithelioid  cells  and  leucocytes. 
In  actinomycosis  in  animals  an  exactly  similar  arrangement  of  cells  is 
found  round  about  the  central  actinomyces  or  fungus  of  the  disease. 
More  recently  Flexner  has  described  similar  lesions  produced  in  man 
by  a  form  of  streptothrix,  and  so-called  pseudu-lnberciilosis  in  rodents 
lias  been  traced  by  A.  Pfeiffer  to  a  short  thick  bacillus  differing  in  its 
c  haracters  from  the  tubercle-bacillus. 

Nor  can  the  above  structure  be  said  to  be  constant  ;  for,  espe- 
l  iallv  in  acute  cases,  some  of  the  tubercles  seem  to  consist  entirely  of 
>mall  round  cells — no  epithelioid  or  giant-cells  being  visible.  In  the 
lung  the  alveolar  epithelium  often  enters  largely  into  the  constitution 
of  the  lesions. 

Each  of  the  smallest  tubercles  visible  to  the  naked  eye  consists 
of  a  group  of  three  or  four  giant-cell  systems  of  the  above  structure 
(Fig.  185).  Foci  thus  formed  are  known  as  grey,  or  miliary 
tubercles  {greij  granulations,  Fig.  180).  They  are  greyish,  semi- 
translucent,  rounded  bodies,  var3'ing  from  just  visible  points  to  nodules 
the  size  of  a  pin's  head,  or  larger.  They  are  firm  and  shot-like, 
distinctly  circumscribed  and  prominent  above  the  surface  of  the 
section.  The  term  "  yellow  tubercles "  is  applied  to  foci  which 
are  rather  larger,  less  regular,  less  closely  defined  and  softer  than 
those  just  described.  They  may  even  form  masses  the  size  of  a  cherry 
or  small  walnut.  In  some  cases  most  of  the  tubercles  present  are 
:rey,  whilst  in  others  all  are  yellow ;  but  it  is  frequently  possible, 
lu  a  single  organ,  to  find  tubercles  showing  the  different  stages  in 
the  formation  of  a  yellow  from  a  grey  nodule.  Caseation,  com- 
mencing centrally,  is  the  main  cause  of  the  difference  between 
them.  A  large  mass  of  yellow  tubercle  is  formed,  not  by  the  continued 
growth  of  a  single  grey  tubercle,  but  by  the  blending  of  several 
iiising  close  together  and  by  the  caseation  of  the  particij)ating 
^rey  tubercles  and  of  the  intervening  inflamed  tissue.  It  is  often 
possible  to  recognise,  round  a  yellow  caseous  mass,  a  narrow  gela- 
tinous zone,  consisting  of  grey  tubercles.  Grey  tubercles  may  also 
he  seen  radiating  from  the  caseous  focus  into  the  sui-rounding 
tissues,  thus  indicating  that  infection  from  the  central  focus  leads 
to  the  formation  in  its  immediate  neighbourhood  of  fresh  tubercles 
which,  as  they  enlarge  and  degenerate,  become  jiart  of  tlie 
•entral  mass.  A  yellow  mass  thus  formed  is  called  conglomerate 
'iibercle. 

\ 
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Sometimes,  especially  in  the  lungs,  the  formation  of  giant-ctll 
systems  is  followed  by  more  or  less  acute  inflaniniation  in  tiie  surround 
ing-  tissues.    This  may  be  so  great  as  largely  to  mask  ilie  tubercli  s 
tliemselvcs. 

SOURCE  OF  THE  CELLS  IN  TUBERCLES.  Haum- 
garten's  conclusions  ;ire  now  generally  accepted.  According  to  tiiese, 
the  giatil-ce/ls  and  epitludiokl  cells  arc  denved  from  the  local  1usue-cells,\ 
including  both  e))ithelial  and  connective-tissue.  Baumgarten,  experi- 
menting with  albino  rabbits,  introduced  pure  cultures  of  tubercle- 
bacilli  into  the  anterior  chamber  of  the  eye.    In  a  few  days  mitotic 


Fig.  185. — A  Giant-ccll System,  invisible  to  the  naked  eye,  from  the  liver 
of  a  child,  aged  five,  who  died  from  acute  tuberculosis.  A  giant-cell 
with  two  groups  of  nuclei  and  se\  eral  bacilli  is  seen  near  the  centre. 
Surrounding  it  is  an  area  of  commencing  caseation  in  which  the 
cells  are  becoming  indistinct.  Enveloping  this  is  a  zone  consisting 
of  epithelioid  cells  (fibroblasts)  and  leucocytes.  The  leucocytes  are 
most  numerous  on  the  side  where  the  caseation  is  most  advanced. 
The  whole  mass  is  imbedded  among  granular  liver-cells  in  the  inter- 
lobular area,     x  250. 

changes  appeared  in  the  connective-tissue  and  endothelial  cells  of  the 
iris.  These  changes  were  limited  to  the  cells  in  which  bacilli  were 
present.  They  were  followed  by  proliferation  of  the  cells  themselves, 
which  gradually  assumed  an  epithelioid  type.  The  jiroliferating  jjatch 
was  then  gradually  invaded  by  leucocytes,  until  they  quite  obscured 
the  epithelioid  cells.  Giant-cells  were  occasionally  present,  but  only 
in  the  later  .stages ;  when  present,  they  showed  no  sign  of  division 
but  only  of  degeneration. 

Metschnikoft;  on  the  contrary,  maintains  that  the  cells  believed  by 
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Baumgarten  to  be  the  progeny  of  connective-tissue  are  uninuclear 
leucocytes.  In  the  case  of  the  lung  he  admits  that  the  endothelial 
cells  of  the  blood-vessels  take  a  share  in  the  process,  and  also  attributes 
to  them  a  phagocytic  function.  In  his  opinion  a  tubercle  is  formed 
l)y  the  accumulation  of  phagocytes  and  not  by  the  piv/iferation  of  any 
form  of  cell.  Giant-cells,  according  to  his  view,  are  phagocytes  that 
have  combined  for  the  common  weal  ;  while  to  Baumgarten  and  Koch 
they  are  single  epithelioid  cells  that  have  begun  to  multiply,  but, 
though  their  nuclei  have  divided  and  their  size  has  increased,  have 
failed  at  the  final  stage  of  cell-division.  In  parts  in  which  epithelium 
is  present,  as  in  the  lung,  liver,  kidney,  or  testicle,  there  can 
he  no  question  but  that  the  epithelial  cells  multiply  freely.  In  a 
lung  affected  by  acute  miliary  tuberculosis  many  of  the  nodules  do 
not  contain  the  giant-cell  systems  above  described,  but  consist  of 
collections  of  epithelial  cells  in  the  alveoli.  Giant  and  epithelioid 
cells,  formed  apparently  from  alveolar  epithelium,  are  sometimes 
present. 

SECONDARY    CHANGES   IN    TUBERCLES  The 

cells  forming  a  tubercle  invariably  undergo  further  changes.  The 
principal  of  these  are  (l)  fatty  degeneration  and  caseation,  (2)  fibrosis, 
calcification,  and  (4)  softening. 

1.  Fatty  Degeneration  and  Caseation. — These  changes  are 
invariable.  They  commence  in  the  centre  of  the  nodule,  the  multi- 
nuclear  leucocytes  being  the  first  to  succumb.  The  epithelioid  cells 
degenerate  later.  The  central  portion  of  a  tubercle,  in  which  casea- 
tion is  commencing,  consists  of  finely  granular  amorphous  debris,  con- 
taining, towards  its  periphery,  shrunken  nuclei — the  relics  of  its 
Driginal  cells  ;  not  infrequently  a  more  or  less  degenerate  giant-cell, 
containing  tubercle-bacilli,  may  be  seen  within  the  margin  of  the 
caseated  area  or  in  its  immediate  neighbourhood  (Fig.  185).  The 
process  of  caseation  varies  much  in  rapidity.  It  is  usually  most  marked 
in  the  larger  and  more  diffused  lesions,  and  these  are,  therefore,  as  a 
rule,  of  a  yellow  colour  and  soft  consistence. 

2.  Fibrosis. — In  other  cases  the  retrograde  change  may  be  less 
marked.  The  central  portion  undergoes  fatty  degeneration  and  is 
more  or  less  completely  absorbed,  whilst  the  cells  at  the  periphery 
are  gradually  replaced  by  a  dense,  contracting,  fibrous  capsule.  Ulti- 
mately a  mere  scar  may  remain,  but  small  caseous  areas  are  frequently 
present  in  the  midst  of  the  fibrous  tissue. 

It  will  be  noticed  that  this  "  fibroid  change  "  is  simply  the  encapsu- 
lation of  a  slightly  irritant  foreign  body,  and  occurs  as  readily  round  a 
l)ullet  or  piece  of  wire  lying  in  the  tissues  as  round  tubercular  organisms 
m  tatty  detritus.  In  both  cases  it  must  be  regarded  as  an  attempt  at 
repair.    This  replacement  of  the  tuberculous  tissue  by  scar-tissue 
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occurs  in  the  smaller  lesions  and  in  many  of  larger  size  which  oj)en  upon 
the  inner  or  outer  surface  of  the  body,  and  from  which  the  infective 
material  can  be  thus  discharged.  The  diange  obviously  tends  to  protec  t 
the  organism  against  general  infection  from  tiie  focus  in  which  it  occurs, 
and  indicates  that  the  tissues  have  gained  the  upper  hand  and  h;u  i 
imprisoned  the  bacilli.  When  complete  it  is  the  most  favourable  chaii;;, 
that  can  possibly  occur. 

Sometimes,  especially  in  cases  which  have  run  a  chronic  course,  and 
in  which  the  diagnosis  may  have  been  "  chronic  bronchiti.s,"  hard, 
glassy  bodies,  often  specked  with  black  pigment,  are  found  in  the 
lung-tissue.  There  is  no  caseation,  and  the  microscope  shows  the 
masses  to  consist  of  almost  hyaline  fibrous  tissue.  This  complel. 
fibroid  transformation  is  said  to  occur  occasionally  in  lymjjhatic  gland-,, 
and  indicates  that  the  bacilli  are  dead.  On  the  other  hand,  while 
the  caseated  material  jiersists,  the  focus  remains  infective,  and  tlit- 
organisms,  though  quiescent,  are  alive. 

3.  Calcification  may  follow  caseation  if  the  cheesy  products 
become  encapsuled  and  almost  all  the  fluid  is  absorbed :  the  dejwsit 
of  lime-salts  in  this  cheese-like  material  converts  it  either  into  a  grittv 
mass  or  into  an  irregular  stony  body.  Caseous  mesenteric  glands  an 
especially  prone  to  this  change.  Calcification  princij)ally  affects  vcrv 
old  limited  lesions.  When  the  calcification  is  complete,  the  lesion 
ceases  to  be  infective. 

Sections  of  the  small  calcareous  particles,  when  decalcified  and 
examined  under  the  microscope,  are  seen  to  consist  of  a  series  of  con- 
centric layers.  These  layers  are  composed  of  a  substance  which, 
accordmg  to  Metschnikoif,  gives  the  same  reactions  as  that  forming 
the  envelopes  of  the  tubercle-bacilli.  Arguing  from  his  experiments 
on  Algerian  rats,  he  maintains  that  these  layers  are  formed  by  degene- 
rative changes  in  the  bacilli  within  the  giant-cells,  and  that  they 
subsequently  become  infiltrated  with  phosphate  of  calcium.  They  are, 
therefore,  to  be  regarded  as  by-products  of  the  struggle  between  the 
cell  and  the  bacilli. 

4.  Softening.  {Chronic  Abscess.) — Caseous  masses  do  not  alway> 
dry  up  and  become  encapsuled,  but  often  soften  and  break  down  intd 
the  pus  of  a  chronic  abscess;  and  even  when  they  have  become 
encapsuled  and  calcified,  softening  may  occur  round  about  them :  a 
chronic  abscess  forms,  and  the  dead  material  is  discharged.  While 
the  smaller  encapsuled  foci,  and  especially  those  which  lie  deep  in  the 
substance  of  organs,  become  diy  and  calcified,  the  extensive,  diffuse 
lesions,  and  those  lying  near  a  skin  or  a  mucous  surface,  tend  to  soften: 
in  other  words,  the  less  the  resistance  of  the  tissues,  the  greater  is 
the  tendency  to  softening.  It  seems  that  some  irritation  of  the  tissues 
is  the  cause  of  the  exudation  of  fluid  into  the  caseous  mass,  and  that 
this  exudation  changes  the  latter  into  a  chronic  abscess ;  for  an  cxanii- 
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nation  of  the  "pus"  of  a  chronic  abscess  shows  that  it  consists  chiefly 
of  fatty  granules  suspended  in  fluid,  with  here  and  there  a  fattily 
degenerated,  granular  leucocyte.  It  is  thus  quite  different  micro- 
scopically from  that  of  an  acute  abscess  (p.  158).  It  differs  also  to  the 
naked  eve,  being  generally  whiter  and  thinner  tlian  true  pus,  while  it 
often  contains  curdy  masses,  which  may  be  either  gritty  or  stony  from 
calcification.  The  "  pus  "  of  chronic  abscess,  being  thus  formed  by  the 
suspension  in  an  albuminous  fluid  of  fattj'^  particles  derived  from  the 
fatty  degeneration  of  cells,  has  received  the  name  of  "  pathological 
milk."  The  large  majority  of  chronic  abscesses  are  of  tubercular 
origin.  So  chronic  is  the  process  that  there  is  often  no  sign  of 
inflammation  until  just  before  the  "abscess"  bursts,  when  the  tense 
skin,  where  it  is  pointing,  becomes  red,  shiny,  and  pi'ogi-essively 
thinner.  Ultimately  the  epidermis  bursts,  and  the  cavity  discharges 
its  contents.  The  wall  of  such  a  cavity  is  lined  by  a  thick  layer  of 
pale  purplish  granulation-tissue,  in  which  ai-e  yellow  foci.  This  lining 
is  so  loosely  adherent  to  the  surrounding  tissues  that  scraping  with  a 
sliarp  spoon  easily  detaches  it,  and  brings  it  away  either  entire  or  in 
large  pieces.  The  tissues  beyond  it  are  not  infiltrated.  It  is  very 
imjiortant  that  this  lining  should  be  removed  from  such  abscesses,  as 
well  as  the  base  of  any  ulcers  resulting  from  their  rupture  ;  for  it  is  in 
these  portions  that  the  tubercle-bacilli  reside,  and  healing  is  impossible 
until  the  diseased  la)'er  with  the  mfecting  organisms  has  been  removed 
and  replaced  by  healthy  granulation-tissue.  The  contents  of  these 
abscesses  are  infective,  and  produce  general  tuberculosis  when  injected 
into  animals. 

This  account  of  the  formation  of  a  chronic  abscess  holds  good  in 
all  cases — in  the  subcutaneous  tissue  {suhculaneous  strumous  nodule,  so 
common  in  children)  ;  in  a  lymphatic  gland  (stnnnous  abscess) ;  in  the 
lung,  where  sooner  or  later  it  bursts  into  a  bronchus,  discharges  its 
contents,  and  forms  a  cavity  or  vomica  ;  in  the  thickened  synovial  mem- 
brane of  a  tuberculous  {scrofulous)  joint  (ivhite  smelling)  ;  and  in  bones,  as 
is  seen  in  caries  of  the  spine.  The  chronic  abscesses  which  arise  in 
connection  with  deep  bones,  especially  those  of  the  spine,  are  frequently 
called  gravitation  abscesses, because  the  "pus  "often  extends  long  distances 
among  the  soft  parts,  usually  in  the  direction  towards  the  feet,  before 
it  reaches  the  surface.  But  extension  by  no  means  always  occurs  in 
this  direction,  and,  when  it  does  occur,  is  not  arrested  by  placing  the 
patient  in  the  horizontal  position.  We  may  therefore  conclude  that  in 
these,  as  in  all  other  cases,  the  "  pus  "  spreads  in  the  direction  of  least 
resistance,  and  that  gravity  has  comparatively  little  to  do  with  it. 
Instances  have  been  recorded  of  such  an  abscess  starting  from  the 
lower  dorsal  or  lumbar  vertebrae,  entering  the  sheath  of  the  psoas,  causing 
gradual  absorption  of  its  muscular  fibres,  working  its  way  beneath 
I'oupart's  ligament,  taking  the  course  of  the  profunda  artery,  passing 
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through  tlu-  adductor  inagiuis  into  the  jjopliteal  space,  penetratiufr 
between  the  superficial  and  deep  ))osterior  leg-inuscles,  and  finally 
pointing  by  the  inner  malleolus.  Such  an  abscess  is  contained  in  a 
dense  fibrous  sheath,  formed  by  inflammatory  thickening  of  the  natural 
connective-tissue.  The  sheath  is  sometimes  strong  enough  to  be  dis- 
sected out  and  dried.  The  cavity  is  crossed  by  fibrous  bands,  which 
may  contain  vessels,  and  care  must  be  taken  lest  a  finger  introduced 
during  life  tear  them.  The  inner  lining  of  the  wall  of  the  cavity  is  but 
slightly  vascular — the  contrast  between  the  chronic  and  acute  abscess 
in  this  respect  being  very  marked.  It  is  usually  coated  with  a  cheesy 
deposit  of  irregular  thickness,  outside  which  lies  a  very  thin  layer  of 
granulation-tissue.  At  the  upper  extremity  is  the  diseased  bone— tlic 
Jhns  el  origo  iiialorum. 

INFECTION  OF  OTHER  PARTS.    1.  By  Lymphatics. 

— In  this  way  masses  of  conglomerate  iuberc/e  (j).  .S37)  and  patches  of 
infiltrating  tubercle,  such  as  those  of  the  skin  (scrofuloderma),  an 
formed.  It  is  supposed  that  leucocytes  enter  the  primary  focus,  take- 
up  bacilli,  and  wander  out  again  along  fine  lymphatics  into  the  sur- 
rounding tissues,  there  to  sicken  and  die  not  far  from  the  parent  mass. 
A  fresh  tubercle  thus  forms  and  caseates,  and  its  margin  coalesces 
with  that  of  the  parent  mass,  which  in  this  way  graduallj^  enlarges. 
The  young  tubercles  form  the  greyish  translucent  ring,  with  here  and 
there  an  offshoot,  seen  round  the  conglomerate  mass.  But,  occasion- 
ally, a  leucocyte,  containing  a  bacillus,  finds  its  way  into  a  lymphatic, 
and  is  carried  by  the  lymph-stream  to  the  nearest  gland.  Thus,  the 
process  of  infection  of  mesentei'ic  glands  fi'om  an  intestinal  ulcer  may 
sometimes  be  traced  by  the  presence  of  tubercles  along  the  track  of 
the  lymphatics.  Infection  by  lymphatics  is  most  frequent  when  there 
is  a  marked  lesion  at  the  point  of  entry — e.g.,  in  tubercular  ulceration 
of  the  intestine.  Tubercles  have  been  found  in  the  thoracic  duct  in 
cases  of  acute  tuberculosis  :  this  is  evidence  that  the  bacilli  passed  by 
this  channel  to  the  blood. 

The  hjmphoid  tissue  is  not  only  the  medium  by  which  the  disease 
spreads,  it  is  also  the  place  where  the  tubercle-bacilli  are  most 
actively  attacked,  and  where  therefore  they  are  most  likely  to  he 
destroyed.  If  the  organisms  pass  the  lymphoid  follicles  in  tlu- 
mucous  membi'ane,  they  have  still  to  deal  with  the  lymphatic  glands 
beyond. 

A  somewhat  strained  analogy  has  been  drawn  between  the  collec- 
tions of  lymphoid  tissue  distributed  along  the  mucous  surfaces  and  the 
fortified  towns  which  guard  a  frontier.  The  lymphoid  masses  serve  as 
eaiTisons  from  which  leucocytes  issue  out  and  deal  with  any  organisms 
they  may  chance  to  meet.  Unfortunately  the  discriminating  power  oi 
the  phagocytes  is  not  equal  to  the  occasion,  and  they  sometimes  carry 
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back  bacilli  whose  subsequent  development  reminds  one  of  the-  old 
story  of  the  Trojan  Horse. 

2.  By  some  Natural  Passage. — A  sudden  inspiration  follow- 
ins;  the  bursting  of  a  tuberculous  focus  into  a  bronchus  draws  the 
infective  material  into  many  of  the  smaller  bronchi,  with  the  result  that 
a  caseous  broncho-pneumonia  develops  simultaneously  in  many  jiarts 
of  the  lung.  In  the  same  way  the  palate  may  be  infected  from  the 
tongue,  the  intestine  from  swallowed  sputum,  and  the  lower  urinary 
tract  from  the  kidney. 

3.  By  Blood-vessels. — The  walls  of  blood-vessels,  especially  in 
the  lung,  may  be  affected  by  tuberculosis.  The  caseating  foci  may 
ru])ture  into  the  lumen  and  the  bacilli  be  carried  in  the  blood-stream 
to  distant  parts.  The  thoracic  duct  may  also  act  as  the  channel  by 
which  the  bacilli  reach  the  blood-stream. 

In  one  or  more  of  these  diflPerent  ways  the  organisms  reach  the 
blood  and  are  carried  all  over  the  body,  developing  when  and  where 
the  conditions  are  suitable — in  the  lungs,  meninges,  joints  or  other 
parts.  If  the  supply  of  bacilli  is  plentiful,  the  case  is  likely  to  be 
acute. 

General  Infection. — An  acute  miliary  tuberculosis  of  the 
meninges,  lungs,  jjeritoneum,  and  various  abdominal  viscera  plainly 
implies  that  a  large  number  of  bacilli  have  found  their  way  within  a 
short  space  of  time  into  the  blood :  the  result  is  similar  to  that 
following  the  intravenous  injection,  in  rodents,  of  a  syringeful  of  a 
pure  cultivation  of  the  bacilli.  As  it  is  inconceivable  that  bacilli  in 
such  numbers  could  be  absorbed  so  I'apidly  through  a  mucous  mem- 
brane into  the  blood,  it  is  necessary  to  assume  the  existence  of  some 
jirimary  focus,  where  bacilli  have  multiplied,  and  whence  they  can  be 
poured  into  the  blood-stream.  The  pulmonary  mucous  membrane 
being  that  through  which  bacilli  commonly  enter  the  system,  it 
follows  that  the  focus  in  which  this  multiplication  most  often  occurs, 
and  whence  generalisation  usually  takes  place,  is  a  caseous  bronchial 
gland,  though  generally  there  is  evidence  of  tubercular  disease  of 
one  or  both  lungs  as  well.  Acute  miliary  tuberculosis  may,  however, 
spread  from  any  localised  focus  containing  living  bacilli.  Extension 
by  means  of  a  lymphatic  vessel  leads  to  the  formation  of  tubercles 
along  this  vessel,  or  in  glands  through  which  the  lymph  passes.  If 
the  thoracic,  or  right  lymphatic,  duct  be  affected,  the  organisms  find 
their  way  into  the  systemic  veins.  They  next  reach  the  lungs,  and 
the  bacilli  are  so  small  that  they  may  easily  pass  through  the  pul- 
monary ca])illaries  into  those  of  the  systemic  circulation. 

Liniitations  of  General  Infection. — The  tei-m  acute  genera/ 
miliary  tuhercidosis  has  hitherto  been  used  in  contradistinction  to 
localised  liibcrciilom  —  e.g.,  a  mass  of  conglomerate  tubercle  in  the 
brain,  or  a  caseous  gland.     But  even  a  "  general  "  tuberculosis,  due 
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apparently  to  the  rapid  entrance  of  numbers  of  organisms  into  the 
blood,  is  far  from  beinfj;  really  general  ;  for  while  the  lungs,  spleen, 
liver,  kidneys,  and  testes  are  very  frecpiently  affected,  the  voluntary 
muscles,  mammas  ovaries,  and  thyroid  gland  nearly  always  escape.  Thus 
a  series  of  regular  gradations  occur,  commencing  with  (1)  the  most 
wide-spread  miliary  tuberculosis,  and  including  successively  (2)  cases  of 
miliary  tuberculosis  limited  to  the  meninges  or  peritoneum  ;  (3)  cases 
of  multiple  infiltrating  tuberculosis— i.e.,  tubercle  limited  to  glands, 
skin,  or  bones  and  joints;  and  finally  (4)  cases  in  which  a  .single  spot 
of  skin,  a  single  joint,  or  a  single  gland  is  affected. 

The  selection  of  special  organs  in  "  general  "  tuberculosis  seems  to 
indicate  local  predisposition  on  the  part  of  these  organs.  In  this 
wa}'  the  limitation  of  the  infection  to  the  meninges  can  be  explained. 
There  is  no  reason  for  assuming  that  the  bacilli  are  arrested  in  them 
rather  than  in  other  parts.  The  same  explanation  appears  applicable 
to  cases  of  limited  miliary  tuberculosis,  and  may  possibly  be  the 
reason  wh}'  tubercular  meningitis  affects  the  base  rather  than  the 
convexity  of  the  brain.  Again,  there  seems  no  other  explanation  to 
offer  of  what  seems  to  be  a  well-established  clinical  fact — viz.,  that 
children  who  suffer  from  multiple  lesions  of  skin,  glands,  bones,  and 
joints  do  not  develop  visceral  tuberculosis  nearly  so  often  as  those  in 
whom  a  single  joint  is  affected. 

Next,  with  regard  to  the  dose  of  organisms  :  this  may  be  large  or 
small.  It  may  be  single,  or  it  may  be  repeated  at  longer  or  shorter 
intervals.  The  different  doses  may  come  from  the  same  or  from 
different  foci,  giving  rise  to  successive  "crops"  of  tubercles,  dis- 
tinguishable after  death — the  more  recent  being  small  and  grey,  and 
the  older  large  and  yellow.  When  only  a  few  bacilli  enter  the  circu- 
lation at  one  time,  the  infiltrations  which  they  excite  reach  a  far 
larger  size  than  they  could  possibly  attain  in  the  speedily  fatal  cases 
of  general  tuberculosis.  Many  of  the  cases  in  which  single  glands  are 
affected  are  doubtless  due  to  infection  from  small  wounds  or  tuber- 
cular sores,  either  of  the  skin  or  of  the  mucous  membrane  from  which 
they  obtain  their  lymph-supply.  But  many  cases  of  localised  tuber- 
culosis, especially  of  bones  and  joints,  admit  of  no  such  explanation  : 
these  Koch  believed  to  be  due  to  the  entry  ot  a  single  bacillus  into 
the  circulation  and  its  lodgment  in  the  affected  part,  and  considered 
that  in  these  cases — as  in  those  of  wide-spread  infection — the  organism 
is  obtained  from  some  primary  focus,  usually  a  bronchial  gland, 
whence  it  has,  as  it  were,  accidentally  slipped  by  the  lymph-path  into 
the  blood.  He  thought  it  highly  improbable  that  even  a  single 
organism  could  pass  from  an  alveolus  into  a  capillary  of  the  lung 
without  causing  a  tubercular  focus  on  the  way. 

The  .scat  ■  of  injection  may  assist  in  explaining  some  peculiarities  of 
the  disease,  and  should  be  borne  in  mind. 
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It  is  impossible  to  explain  why  some  tubercular  processes  remain 
local,  whilst  others  generalise.  Blocking  of  lymphatics,  exemption 
of  the  walls  of  blood-vessels,  feeble  local  growth  of  the  bacillus, 
healthy  resistance  on  the  part  of  the  tissues  in  general,  may  afford 
hypothetical  explanations. 

.SjTIOIjOGY. — The  circumstances  leading  to  infection  by  the 
tubercle-bacillus  far  outweigh  all  other  considerations,  and  these  have 
already  been  described. 

Age  and  Sex. — The  disease  is  very  prevalent  during  the  first  two 
years  of  life.  The  death-rate  then  falls,  and  remains  low  until  about 
the  tenth  year,  when  it  begins  to  rise  again.  The  rise  begins  some 
years  earlier  in  the  case  of  girls  than  in  that  of  boys,  though,  when  all 
ages  are  considered  together,  the  sexes  are  found  to  be  equally  aifected. 
Tubercular  disease  is  often  apparently  quiescent  dui-ing  jiregnancy, 
but  is  frequently  fatal  soon  after  parturition  ;  and  death  from  plithisis 
is  often  attributed  to  "  childbirth." 

Heredity. — There  is  a  firm  belief  in  the  hereditary  nature  ot 
tuberculosis,  and  especially  of  pulmonary  tuberculosis.  From  the 
statistical  point  of  view  the  beUef  probably  rests  on  stronger  evidence 
than  has  yet  been  adduced,  for  many  cases  of  tuberculosis  die  unrecog- 
nised, and  in  many  others  the  disease  is  arrested — neither  of  these 
classes  appearing  in  the  statistics. 

Three  explanations  of  the  influence  of  heredity  in  tuberculosis  have 
been  put  forward : 

(1)  It  is  suggested  that  all  cases  are  due  to  infection  from  the 
outside  alone,  and  that  heredity  acts  either  (a)  by  subjecting  the 
individual  to  more  than  the  average  chances  of  infection,  and  causing 
him  to  live  in  infected  rooms  with  infected  persons,  and  to  use 
infected  articles ;  or  (6)  by  aiding  in  the  development  of  habits  (for 
example,  alcoholism)  which  render  him  less  resistant  to  invasion. 
There  can  be  but  little  doubt  that  this  explanation  is,  in  a  large 
number  of  cases,  correct,  but  it  certainly  is  not  universally  applicable  ; 
for,  in  many  instances,  long  intervals  elapse  between  the  death  of  a 
parent  from  phthisis  and  the  outbreak  of  the  disease  in  the  children  ; 
while  the  locality,  house,  and  general  surroundings  are  all  diffierent. 
Furthermore,  it  has  frequently  been  noted  that,  even  when  the 
children  of  a  phthisical  parent  are  widely  separated  and  living  average 
healthy  lives  under  diverse  conditions,  they  still  seem  especially  liable 
to  infection. 

(2)  According  to  Baumgarten,  the  solution  of  this  question  lies  in 
the  actual  transmission  of  the  bacillus  from  parent  to  embryo,  and  in 
its  latent  existence  in  the  tissues  for  many  years.  According  to  him, 
infection  may  occur  before  or  about  the  time  of  fertilisation ;  the 
bacilli  reaching  the  uterus  from  the  peritoneum  through  the  Fallopian 
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tube,  or  frainiiiff  access  with  the  sjiermatozoa.  The  evidence  in 
support  of  this  view  is  derived  almost  exclusively  from  ex))erimeiits  on 
animals.  It  seems  to  be  reasonably  certain  that  tubercle-bacilli  and 
some  other  organisms  can  exist  for,  at  any  rate,  some  weeks  in  a 
quiescent  state  among  actively  growing  cells,  and  later  on  multiply 
and  produce  their  usual  effects.  One  of  the  exjjeriments  showing  this 
may  be  quoted.  Fertilised  hens'  eggs  were  inoculated  with  tubercle- 
bacilli  ;  the  chicks  were  hatched  at  the  ordinary  time,  and  were  normal 
in  apjiearance.  Three  weeks  later  tuberculosis  rapidly  developed. 
Tliere  is  certainly  some  reason  to  believe  that  tubercle-bacilli  may 
exist  for  a  time  in  tissues  without  producing  tubercles.  They  have 
been  found  in  the  apparently  healthy  testes  and  jirostate  in  cases  of 
tuberculosis  of  other  organs  ;  while  the  foetus  of  a  ))hthisical  mother 
has  served  to  infect  animals  though  itself  apparently  free  from  disease. 
But  if  these  organisms  often  exist  in  seminal  discharge  and  thus  affect 
the  ovum,  it  is  at  least  curious  that  tuberculosis  of  the  female  generative 
organs  is  so  rare ;  nor  is  it  easy  to  believe  that  bacilli  can  lie  latent  in 
the  body  for  ten  or  twenty  years.  Furthermore,  this  theory  in  no  way 
explains  the  peculiarities  of  the  disease  as  regards  age  or  sex,  which 
have  been  already  alluded  to.  The  possibility  of  this  form  of  hereditary 
influence  must  be  decided  by  further  investigations. 

(3)  The  least  definite,  but  the  most  probable,  explanation  is  that  of 
a  possible  and  varied  predisposition  of  the  tissues  to  tuberculosis  (p.  344'), 
such  as  is  now  generally  recognised  to  exist,  in  a  less  degree,  in  the 
case  of  such  diseases  as  typhoid  fever  and  diijhtheria.  In  no  other 
way  can  the  objections  to  the  other  explanations  be  met.  We  have 
no  knowledge  of  what  this  predisposition  consists.  A  small  flat  chest 
and  a  tendency-  to  catarrh  are  often  present  in  jieople  who  ultimately 
develop  phthisis  ;  and  the  absence  of  free  respiratory  movements  is 
held  to  favour  the  development  of  the  bacilli.  The  recovery  of 
certain  cases  of  jjhthisis  is  exjjlained  on  the  assumption  that  the  soil 
which  was  at  one  time  favourable  to  the  growth  of  the  bacillus 
became  at  a  subsequent  period  unfavourable  ;  and  as  tuberculosis  is 
readily  arrested  in  some  individuals,  it  is  not  unreasonable  to  suppose 
that  in  others  the  bacilli  are  not  even  able  to  multiply  and  give  rise 
to  their  characteristic  lesions.  It  is  quite  certiiin  that  some  animals 
are  far  more  susceptible  than  others  to  the  disease. 

Tuberculosis  of  the  Larynx. 

Tuberculosis  of  the  Larynx  (^Laryngeal  Pldhisis)  is  generally 
secondary  to  tuberculosis  of  the  lungs,  and  is  then  due  to  infection 
from  the  sputum.  It  commences  as  sub-epithelial  tubercles,  situated 
chiefly  in  the  aryteno-epiglottic  folds,  on  the  cords,  and  on  the  under 
surface  of  the  epiglottis.    These  may  be  few  or  numerous,  and  may 
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ulcerate  early — especially  on  the  cords — or  may  multiply  and  form  a 
diffuse  infiltration,  which  in  the  aryteno-epiglottic  fold  produces  a  pear- 
shaped  swelling  with  its  large  end  towards  its  fellow  in  the  mid-line. 
The  caseous  masses  rupture  and  ulcerate.  In  this  way  considerable 
masses  of  tuberculous  granulation-tissue  may  be  formed  above  the 
vocal  cords.  Later  on,  secondary  infection  with  pyogenic  cocci  may 
lead  to  abscesses  and  necrosis  of  cartilage,  to  hectic  fever,  exhaustion 
and  death.  Tubercular  ulcers  may  sometimes  be  distinguished  from 
those  due  to  syphilis,  or  to  new-growths,  by  the  small  amount  of  new 
tissue  in  their  floor  and  margins,  and  by  the  absence  of  cicatrices. 

Tubercular  ulcers  in  the  trachea  are  usually  small  and  superficial, 
and  also  arise  from  the  breaking  down  of  sub-epithelial  tubercles. 
Occasionally  they  are  both  deep  and  extensive,  and  may  be  followed 
by  abscesses  and  necrosis  of  the  cartilages. 

Tuberculosis  of  the  Lungs. 

In  Pulmonary  tuberculosis  are  found  the  most  varied  manifestations 
of  the  growth  and  action  of  tubercle-bacilli. 

The  infecting  oi-ganisms  may  be  brought  to  the  lungs  (1)  by  the 
blood,  (2)  by  the  lymphatics,  and  (3)  by  the  air  passages. 

1.  Infection  by  the  Blood.  (^Hcematogenom  pulmonary  tuber- 
culosis.)— Although  in  a  few  cases  no  primary  focus  can  be  found,  this 
form  of  infection  must  be  regarded  as  secondary  to  tuberculosis  of 
some  other  part.  The  bacilli  enter  the  circulation  from  the  rupture 
of  a  caseous  nodule  in  some  distant  artery  or  vein,  or  from  the 
l}Tiiphatic  system  by  way  of  the  thoracic  duct,  and  are  arrested  in  the 
alveolar  capillaries. 

When  large  numbers  of  bacilli  are  thus  uniformly  distributed 
throughout  the  lungs,  innumerable  giant-cell  systems  make  their 
appearance  in  the  alveolar  walls  (Fig.  186).  The  capillaries  in  their 
immediate  neighbourhood  are  destroyed,  and  the  adjoining  alveoli 
become  filled  up  with  desquamated  epithelium  and  leucocytes 
(Fig.  188).  By  this  time  the  tubercle  is  spheroidal  in  shape,  and 
visible  to  the  naked  eye — grey  tubercles  being  generally  composed 
of  two,  three,  four  or  more  giant-cell  systems.'  Enough  caseation  to 
give  the  tuberculous  nodules  a  slightly  yellowish  appearance  may, 
in  some  instances,  follow.  A  little  later,  the  development  of  fresh 
giant-cell  systems  on  the  borders  of  these  yellow  tubercles  and  the 
inflammatory  exudation  into  the  alveoli  and  alveolar  walls  make  them 
larger  and  less  sharply  defined ;  but  in  these  cases  many  other  organs 
may  be  affected  simultaneously,  and  death  supervene  before  any 
marked  destruction  of  tissue  takes  place.  The  smaller  bronchial 
tubes  may  be  hyperaemic  and  contain  an  excess  of  mucus,  and  minute 
patches  of  emphysema  and   collapse  may  be  found.     When  the 
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infection  is  more  limited  and  the  tuberculous  foci  are  fewer,  life  ii 
more  prolonged  and  the  usual  secondary  changes  have'  time  to  occur 


Fig.  i8c. — Acuie  I'ltbcrciilosis  of  Lvng.  a,  «i,  a^,  a?,  recent  tubercles, 
each  made  up  of  several  giant-cell  systems,  in  which  the  giant- 
cells  are  more  deeply  stained.  Iii  the  centre  of  a"  marked  caseation 
has  occurred  ;  b,  b^,  small  bronchial  tubes,  at  one  point  ulcerated 
and  dilated,  with  engorged  vessels  (i^)  ;  c,  contents  of  bronchial  tube : 
these  consist  principally  of  desquamated  epithelium  and  leucocytes; 
d,  small  branch  of  pulmonary  artery,     x  20. 


Fig.  187. — A  Portion  0/  a  small  soft  Gny  Tvberclc  in  the  Lting.  From 
a  case  of  Acute  General  Tuberculosis.  An  alveolus  is  filled  with 
epithelial  elements  and  a  few  small  cells  ;  there  is  also  some  cellular 
infiltration  of  the  alveolar  wall,     x  200. 


Occasionally  the  infection  may  be  limited  to  one  or  more  terminal 
arteries.    The  changes  will  then  be  lobular  m  distribution,  and  the 
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case  approximate  in  its  development  to  one  of  infection  through  the 
air-passages,  presently  to  be  described. 

Pathologif. — The  differences  in  the  histological  characters  -  and 
develojiment  of  the  lesions  in  acute  miliary  tuberculosis  of  the  lung 
depend  to  some  extent  upon  differences  in  the  age  of  the  nodules,  but 
are  mainly  due  to  the  number  and  rapidity  of  growth  of  the  organisms 
in  each  focus.  If  the  bacilli  be  numerous  and  multiply  rapidly,  the 
tubercles  will  consist  in  the  main  of  accumulations  of  epithelium 
within  the  pulmonary  alveoli,  and  will  rapidly  undergo  caseation 
(Fig.  188).    If  the  growth  of  the  bacilli  be  less  active,  typical  "giant- 


FlG.  i88. — A  Grey  Tubercle  from  the  Lung  in  a  Case  of  Acute  General 
Tuberculosis.  The  whole  of  the  tubercle,  which  was  surrounded  by 
normal  lung,  is  shown.  It  consists  principally  of  intra-alveolar 
products.     X  35. 

cell  systems  "  will  form  and  the  nodules  will  attain  a  more  advanced 
age ;  while  degeneration  will  be  less  rapid  and  complete  (Fig.  1 86). 
Lastly,  if  the  organisms  be  very  few  and  their  multiplication  slow,  as 
in  the  least  intense  and  most  chronic  processes,  the  proliferation  of 
the  tissue-cells  reaches  its  maximum  (Fig.  187),  and  considerable 
fibroid  induration  results.  Degeneration  takes  place  slowly,  and  is 
limited  to  the  central  portions  of  the  nodule.  A  close  analogy  can 
thus  be  drawn  between  the  tissue-changes  resulting  from  tuberculosis 
of  the  lungs  and  those  which  result  from  other  chronic  inflammatory 
l)rocesses  (p.  159). 

2.  Infection  by  the  Lymphatics.  (Li/mphogenoiis  puhnonai-y 
tuberculoids.) — Not  infrequently,  especially  in  children,  tubercle-bacilli 
may  reach  the  bronchial  glands  by  means  of  the  air-passages  and 
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bronchial  lymphatics  without  jjroducing  any  local  lesion  in  their  track. 
On  rare  occasions  the  bronchial  glands  may  also  be  infected'  througJi 
the  dia])hragm  from  the  mesenteric.  In  both  cases  the  substance  of 
the  lung  may  be  infected  from  the  resulting  tuberculous  glands. 
Infection  generally  proceeds  in  a  somewhat  radiatuig  manner  from  the 
root  of  the  lung  by  means  of  tiie  lymjjhatics,  and  especially  by  those 
that  lie  under  the  pleura. 

It  occasionally  happens  that  a  local  tubercular  disease  of  the  lung 
and  pleura  may  follow  that  of  an  adjoining  rib  or  vertebra.  From 
such  a  centre  the  disease  may  spread  in  tiny  of  the  usual  ways. 

The  nature  and  progress  of  the  lesions  in  no  way  differ  from  other 
forms  of  tuberculosis  in  which  the  lymphatics  are  involved.  ' 

3.  Infection  by  the  Air-passages.  (Pneimialoge/iotuf  pul- 
monanj  tuberculosis.^ — This  form  of  ])ulmonary  tuberculosis,  commonly 
known  as  "  phtliisis,"  is  almost  invariably  the  result  of  inhaling  tubercle- 
bacilli  with  the  respired  air  (p.  332).  In  exceptional  cases  it  may  be 
due  to  the  discharge  of  the  contents  of  a  caseous  nodule  in  the  larynx, 
or  to  the  rupture  of  a  caseous  bronchial  gland  into  a  bronchus. 
Whichever  be  the  method  of  infection,  the  bacilli  find  their  way  into 
the  alveoli,  and  the  disease  follows  the  same  course  ;  though  in  cases 
of  ruptured  bronchial  glands,  the  foci  of  infection  are  more  numerous, 
and  spread  more  rapidly,  because  enormous  numbers  of  bacilli  are 
thereby  simultaneously  introduced,  whereas  in  the  case  of  ordinarj' 
infection  probably  not  more  than  two  or  three  are  deposited  at  a 
time. 

In  adults,  the  first  sign  of  infection  is  generally  the  presence  of 
tubercular  changes  in  the  upper  lobe  of  one  of  the  lungs — more 
often  of  the  left — near  the  apex.  The  few  tubercle-bacilU  which  are 
deposited  in  the  bronchioles,  alveoli  or  lymphatics,  and  wliich  escape 
destruction,  multiply  and  give  rise  to  a  number  of  giant-cell  systems, 
consisting  of  pi-oliferated  epitheUum  and  connective-tissues  with 
varied  proportions  of  leucocytes  in  the  peripherj*.  Ordinary  grey 
tubercles  are  thus  formed  in  the  way  already  described  (p.  337).  These 
gradually  develop  into  larger  nodules  with  caseous  centres  (yellow 
tubercles),  or  rapidly  give  rise  to  patches  of  broncho-pneumonia.  If 
tlie  Avails  of  neighbouring  arterioles  become  involved  and  weakened 
by  the  formation  of  tubercles,  the  vessels  msLj  ruptm-e,  and  minute 
haemorrhages  occur,  giving  rise  to  the  slight  hsemoptysis  which  is  so 
frequently  met  with  in  early  phthisis. 

While  these  changes  have  been  taking  place,  a  considerable 
amount  of  fibrous  tissue  may  have  developed — an  amount  sufficient,  in 
some  instances,  to  enclose  the  whole  of  the  diseased  area,  which 
gradually  shrinks  until  it  forms  a  small  cheesy  nodule  with  a  thick 
fibrous  envelope,  or  a  deeply  puckered  scar  at  the  extreme  apex  of  tlie 
lung  without  any  remaining  sign  of  the  original  caseation.    These  are 
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the  most  favourable  terminations  of  the  infection.  Not  infrequently, 
liowever,  while  the  development  of  fibrous  tissue  is  marked  at  one 
part  where  the  disease  is  quiescent  it  is  almost  absent  at  others  where 
progressive  infection  is  occurring  through  the  medium  of  the  lymphatics. 
It  is  generallv  observed  that,  long  before  the  whole  of  the  upper  lobe 


Fig.  189. — Pulmonary  Tnherciilosis.  Section  through  upper  lobe  of 
right  lung,  seen  from  behind.  Secondary  infection  from  lung 
of  opposite  side  by  means  of  air-passages.  The  tubercular  masses 
are  mainly  grouped  round  the  smaller  bronchial  tubes,  while  the 
lymphatic  glands  are  only  slightly  involved.  A,  normal  lung; 
B,  small  tubercular  nodule  ;  C,  larger  tubercular  nodule  ;  D,  large 
mass  of  tubercle ;  E,  adherent  interlobar  pleura  ;  F,  bronchial 
glands  with  pigment,     x  §. 

is  involved,  tubercles  make  their  appearance  at  the  apex  of  the  lower 
lobe.  It  is  sometimes  held  that  this  fresh  infection  is  due  to  the 
implication  of  the  bronchial  glands  from  the  original  foci,  and  to  the 
subsequent  transmission  of  the  bacilli  mainly  by  the  sub-pleural 
lymphatics ;  but  it;.is  most  likely  the  result  of  direct  infection  by  the 
air-passages — the  inhaled  bacilli  being  derived  either  from  the  sputum 
or  from  an  extenifil  source  similar  to  that  which  gave  rise  to  the 
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primary  disease.  Secondary  infection  will  be  promoted  by  forced 
mspiratioii,  the  result  of  active  exercise  (Fig. 

'i"he  subsequent  clianfres  are  so  varied  that  it  is  impossible  in  i 
short  description  to  include  all  the  possible  appearances  to  which  tlu- 
disease  may  give  rise.  The  spread  of  the  original  foci  involves  larg.- 
tracts  of  tissue,  and  the  intervening  parts  of  the  lung,  which  are  at 
first  unaltered,  become  invaded  either  by  tubercular  nodules  or  by  ill- 
defined,  scattered  broncho-pneumonic  patches  which  spread  and  ii, 
many  jilaces  become  confluent.  If  various  consolidated  jjortions  of  a 
phthisical  lung  be  examined  microscopically  it  will  be  found  that, 
excluding  those  parts  which  obviously  consist  of  large  areas  of  caseating 


Fig.  igo. — Acute  Phthisis.  A  transverse  section  of  a  terminal  bronchus 
with  the  surrounding  alveoli,  showing  the  lobulated  character  of  the 
pulmonary  consolidation.  «,  Thickened  and  inflamed  bronchial 
wall ;  b,  cavity  of  bronchus  containing  a  little  mucus,  c,  alveoli 
filled  will  catarrhal  products  ;  rf,  remnants  of  obliterated  alveoli  and 
alveolar  contents,  which  have  undergone  caseation  ;  e,  e' ,  inflamma- 
tion spreading  to  alveoli ;  f,  thickened  alveolar  walls,     x  25. 

or  fibroid  tissue,  the  following  changes  can  in  most  cases  be  made 
out:  (1)  An  accumulation  of  epithelial  or  other  cells  within  many  of 
the  alveoli ;  (2)  a  cellular  infiltration  and  consequent  thickening  of 
the  alveolar  walls,  together  with  a  similar  change  in  the  walls  of  the 
terminal  bronchioles  ;  and  (3)  an  increase  in  the  interlobular  connec- 
tive-tissue. These  changes  are  generally  associated,  although  some  of 
them  are  more  prominent  and  characteristic  than  others.  The  special 
prominence  of  any  one  of  them  helps  to  produce  those  variations  in 
the  physical  characters  of  the  lungs  which  are  met  with  in  the 
different  stages  and  in  the  different  varieties  of  the  disease. 

1.  An  accumulation  of  cellx  within  the  alveoli. — This  is  one  of  the 
most  frequent  changes  met  with  in  phtliisis,  and  is  precisely  similar 
to  that  which  will  be  described  as  occurring  in  other  varieties  of  broncho- 


TUBERCULOSIS 


353 


pneumonia.  The  alveoli  are  generally  found  filled  with  the  ottspring 
of  the  epithelial  cells  which  normally  line  the  alveolar  walls  (Fig.  191). 
In  some  acute  cases  of  phthisis,  this  alveolar  accumulation  may  at  first 
constitute  almost  the  only  morbid  change,  and  altliough  there  is 
always  some  cell-infiltration  of  the  alveolar  walls,  the  great  bulk  of  the 
pulmonary  consolidation  is  due  to  the  distension  of  the  alveolar  cavities 


Fig.  191. — Af/  Ahvoliis  from  a  small  soft  Grey  Tubercle  in  the  Lung. 
From  a  case  of  Acute  Tuberculosis.  The  alveolus  is  filled  with 
epithelial  elements  and  a  few  small  cells  ;  there  is  also  some  cellular 
infiltration  of  the  alveolar  wall,     x  200. 

with  catarrhal  products  (Fig.  ipS).  In  some  parts — those  in  which 
the  change  is  the  most  recent — the  alveolar  walls  and  the  large  cells 


Fig.  192. — Acute  Phthisis.  Showing  one  of  the  .ilveoli  filled  with  de- 
generating epithelial  elements,  and  marked  cell-infiltration  of  the 
alveolar  wall,     x  200. 

which  fill  the  alveoli  are  but  little  altered,  but  in  the  greater  portion 
of  the  consolidated  tissue  the  cells  are  seen  in  various  staoes  of 
degeneration  (Fig.  192)  and  the  alveolar  walls  are  destroyed  ;  Avhilst 
in  those  tracts  of  tissue  in  which  the  process  is  most  advanced 
all  trace  of  structure  is  lost,  and  nothing  remains  but  the  granular 
debris  seen  in  caseated  tissues.    These  changes  are  precisely  similar 
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to  those  met  with  in  tlie  Idrfrer  nodular  lesions  of  acute  general  tuber- 
culosis (Fig.  194). 


Fig.  193. — Section  of  Lung  from  a  Case  of  Acute  Phthisis,  in  which  the 
consolidation  consists  almost  exclusively  of  products  accumulated 
within  the  alveoli.  In  some  parts  a  free  space  is  seen  between  the 
alveolar  walls  and  their  contents  ;  this  is  due  simply  to  the  shrinking 
of  the  latter  caused  by  the  hardening  of  the  specimen,     x  50. 


Fig.  194. — A  Grey  Tubercle  from  the  Lung  in  a  Case  of  Acute  General 
Tuberculosis.  The  whole  of  the  tubercle,  which  was  surrounded  by 
normal  lung,  is  shown.  It  consists  principally  of  intra-alveolar 
products.    X  35. 

Less  frequently  the  contents  of  the  alveoli  are  similar  to  tho.se 
met  with  m  ordinaiy  croupous  pneumonia  (Fig.  195),  but  they  ■ire 
usually  associated  with  more  or  less  epithelial  proliferation. 
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The  naked-eye  appearances  presented  by  the  lungs,  in  those  cases  in 
which  the  puhnonar}'^  consolidation  is  chiefly  due  to  zw/rrt-alveolar 
i  hanges,  are  veiy  characteristic,  ]mrtly  on  account  of  their  distribu- 
tion, but  mainly  because  of  the  rapid  degeneration  and  caseation 
which  they,  together  with  the  alveolar  walls,  undergo.  The  consoli- 
dation, although  sometimes  almost  uniform,  generally  presents  a 
somewhat  lobulated  outline,  indicating  the  implication  of  different 
groups  of  the  pulmonary  lobules.  The  consolidated  tissue  is  soft  and 
triable,  breaking  down  very  readily  under  the  finger,  and  there  is 
complete  absence  of  any  induration.  The  colour  varies  from  a 
reddish-  to  a  yellowish-grey,  while  small  portions  of  a  more  decidedly 
vellow  tint  are  often  scattered  through  the  consolidated  mass.  These 


Fig.  195. — Aiii/e  Phthisis.  Showing  one  of  the  alveoli  filled  with 
fibrinous  exudation  and  leucocytes,  and  some  cellula?-  infiltration  of 
the  alveolar  wall.     x  200. 

scattered  areas  correspond  with  the  jiarts  in  which  the  retrogressive 
changes  are  the  most  advanced,  and  they  are  even  softer  in  consistence 
than  the  surrounding  tissue.  In  many  parts  the  consolidated  and 
caseated  tissue  will  be  found  broken  down,  so  as  to  form  sinuous 
cavities  of  various  sizes.  These  possess  irregular  walls,  which  are  soft 
and  friable,  like  the  consolidated  lung  surrounding  them. 

2.  A  cellular  injiltrulion  and  thickening  of  the  alveolar  walls-,  and,  in 
most  cases,  of  the  walls  of  the  terminal  bronchioles. — This  is  a  frequent 
change,  especially  when  the  progress  of  the  disease  is  somewhat  slow 
and  the  consistence  of  the  consolidated  tissue  firm.  In  its  earlier 
stages  a  few  small  cells  are  seen  infiltrating  the  alveolar  septa,  which 
are  thus  slightly  thickened  (Figs.  192  and  195).  As  the  change 
l)roceeds  the   number  of  these  cells  increases,  and  from  them  an 
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imperfect  fibro-celliilar  structure  is  developed  {V\{i;.  !<)()).  As  tlie  new 
tissue  develo])s  in  tlie  alveolar  walls  it  gradually  obliterates  and 
replaces  the  alveolar  cavities,  so  that,  whilst  in  some  j)ortions  the 
thick-walled  alveoli  may  be  found  still  containing  epithelial  elements, 
exudation-products,  or  even  giant-cells,  in  others  large  tracts  will  b( 
seen,  consisting  ahuost  entirely  of  the  small-celled  growth.  Tin 
development  of  this  new  tissue  in  the  alveolar  walls  is  attended  by 
obliteration  of  the  pulmonarv  ca))illaries,  thus  assisting  the  action  of 
the  bacilli  in  the  production  of  the  subsecjuent  caseation  (p.  '.i'M). 

The  changes  which  may  subseciuciitly  take  ])lacc  in  this  alveolar 


Fig.  196. — Section  of  I.iaig  from' a  Case  of  soiiiewliat  Chronic  Phlhisis. 
Showing  the  thickening  of  the  alveolar  walls  by  the  formation  of 
epithelioid  cells,  and  an  accumulation  of  epithelial  cells  within  the 
alveolar  cavity.    The  latter  are  undergoing  fatty  changes,     x  200. 

growth  vary.  The  infiltrated  sejita  mav  rapidly  caseate  before  any 
marked  thickening  or  development  of  new  tissue  has  had  time  to 
occur,  whilst  in  other  less  acute  cases  there  is  a  considerable  develop- 
ment of  the  imperfect  fibro-cellular  tissue.  Yet,  although  this  may 
remain  as  a  more  or  less  permanent  structure,  it  usually  undergoes 
in  its  turn  similar  caseation.  These  two  kinds  of  change  are  often 
found  simultaneously  in  the  alveolar  walls  of  different  parts  of  the 
same  lung.  In  those  portions  in  which  the  new  tissue  is  under- 
going degeneration  it  becomes  converted  into  a  structureless  granular 
debris,  any  cells  which  may  be  contained  within  the  alveoli  meet- 
ing with  a  similar  fate ;  whilst,  in  the  immediate  vicinity  of  these 
degenerated  portions,  a  more  jiermanent  fibrous  xtniclurc  may  be 
found. 

Respecting  the  nalced-eije  cliangex  which"  the  growth  of  this  small- 
celled  tissue  i)roduces  in  the  lungs,  it  may  be  stated  generallv  that  it 
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usually  leads  to  some  induration  of  the  pulmonary  tissue.  The 
extent  of  this  induration  will  vary  according  to  the  characters  of  the 
new  tissue.  If  the  tissue  remain  almost  entirely  cellular — as  is  the 
case  when  it  is  very  raj)idly  formed,  and  when  new  vessels  do  not 
develop — it  will  produce  little  or  no  induration  of  the  consolidated 
area ;  and  this  consolidation,  consisting  mainly  of  degenerating  cells 
both  in  the  walls  and  cavities  of  the  alveoli,  Avill  be  soft  and  friable  in 
consistence,  much  resembling  that  already  described.  When,  on  the 
other  hand,  as  is  more  frequently  the  case,  there  is  any  considerable 
development  of  fibrous  tissue ;  when  the  reticulum  is  dense  and 
abundant ;  and  when  vessels  develop  and  persist,  there  will   be  a 


Fig.  197.  —  Chronic  Phthisis.  Showing  the  new  interlobular  fibrous 
growth  surrounding  and  encapsulating  a  degenerated  ana  caseous 
portion  of  the  consolidated  lung,     x  25. 

coiTesponding  induration  of  the  consolidated  tissue.  In  many  cases 
these  changes  produce  uniform  tracts  of  indurated  consolidation  of  a 
greyish  colour  mottled  with  black  pigment.  Scattered  here  and  there 
among  them  may  be  seen  yellowish  patches  corresponding  to  the 
portions  which  have  undergone  retrogressive  fatty  changes. 

'1  An  increase  in  the  interlobular  connective-tissue. — This  is  met  w  ith, 
to  a  greater  or  less  extent,  in  all  the  more  chronic  forms  of  phthisis. 
This  tissue,  which  surrounds  the  bronchi  .  and  blood-vessels,  and 
contributes  to  the  formation  of  the  alveoli,  is  found  not  only  increased 
in  amount,  but  also  altered  in  character.  Its  structure  is  like  that 
met  with  as  the  result  of  proliferative  inflammation  in  other  organs 
^F'J?-   197).     It  has  a  nuich  greater  tendency  to  develop  into  a 
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])crmancnt  fibrous  tissue  than  lias  the  interalveolar  growth,  and  it 
is  rarely  the  seat  of  those  retrograde  changes  which  are  so  frequent  in 
the  tissue  originating  in  the  alveolar  walls.  Intermingled  with  this 
new  fibrous  tissue  are  granules  of  black  pigment.  Tiiese  differences 
in  the  structure  and  termination  of  the  interalveolar  and  interlobular 
growths  are  accompanied  by  corresponding  differences  in  their  vascular 
supply.  Whereas  in  the  internlveolar  growth  the  pulmonary  capillaries 
become  obliterated  and  new  vessels  are  rarely  formed,  or,  if  formed, 
are  often  subsequently  destroyed ;  in  the  interlobular  growth  the  new 
vessels  formed  generally  [)ersist.  In  the  most  chronic  cases  of  phthisis 
this  interlobular  fibrous  growth  may  constitute  the  predominant  struc- 
tural change,  and  large  portions  of  the  lung  may  be  found  comj)Ietclv 
replaced  by  it. 

An  increase  in  the  interlobular  connective-tissue  in  phthisis — 
inasmuch  as  the  new  tissue  tends  to  become  dense  and  fibrous — leads 
to  extensive  indui'ation  of  the  pulmonary  tissue  ;  and  further,  owing 
to  the  conti-action  which  the  new  tissue  undergoes,  its  growth 
ultimately  produces  a  corresponding  contraction  of  the  diseased  hnig. 
In  all  those  cases  of  phthisis  in  which  there  is  either  a  marked 
thickening  of  the  alveolar  walls  or  an  increase  in  the  interlobular 
connective-tissue,  any  cavities  which  may  exist  in  the  consolidated  and 
indurated  tissue  are  characterised  by  the  tough  fibroid  structure  and 
the  smoothness  of  their  walls.  These  present  a  marked  contrast  to 
the  soft  friable  tissue  surrounding  the  cavities  in  cases  where  the 
pulmonaiy  consolidation  is  due  mainly  to  intra-alveolar  changes. 

Changes  in  the  Bronchi. — Sometimes  the  walls  of  the  bronchi 
are  directly  invaded  by  the  bacilli.  In  other  cases  only  bronchial  catarrh 
is  present.  The  catarrh  is  sometimes  general,  but  much  more  com- 
monly it  is  limited,  and  more  strictly  confined  to  such  portions  of 
the  lung  as  are  becoming,  or  have  already  become,  consolidated.  In 
many  cases  there  is  a  marked  tendency  of  this  bronchial  catarrh  tci 
lead  to  extensive  cell-infiltration  of  the  deeper  structures  of  the 
bronchial  wall  (Fig.  198).  This  cell-infiltration  sometimes  leads  to 
the  production  of  small  ulcers.  These  have  thickened  opaque  edges, 
and  when  once  formed  they  tend  to  increase.  In  addition  to  these 
changes  in  the  bronchial  mucous  membrane  there  is  often  a  cellular 
mfiltration  of  the  peribronchial  tissue,  and  liere  tubercles  are  often 
met  with,  especially  round  the  smallest  bronchi.  In  very  chronic 
phthisis,  bronchiectasis  may  occur  (see  chap.  xi.). 

Changes  in  the  Arteries.— Bands  of  fibrous  tissue  frequently 
extend  from  side  to  side  across  a  large  cavity.  These  were  formerly 
supposed  to  contain  large  arteries,  but  in  all  probability  this  is 
seldom  the  case.  When  an  artery  traverses  a  newly  formed  cavity  it 
may  happen  that  infiammation  of  the  walls  leads  to  thrombosis  and 
subsequent  obliteration  of  the  lumen,  before  the  advancing  disease  can 
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destroy  its  walls  and  give  rise  to  haemorrhage.  Occasionally,  in  the 
case  of  a  small  cavity.,  an  artery  may  be  weakened  at  one  spot  by  the 
partial  softening  and  yielding  of  its  walls  owing  to  tubercles  formed  in 
them,  and  an  aneurysm  result  before  any  thrombosis  has  occiu-red. 
Such  an  aneurysm  may  fill  the  cavity  and  for  a  time  increase  pan'  p«,y.yH 
with  it.  Before  the  aneurysm  has  attained  a  diameter  of  an  inch  it 
will  in  all  probability  rupture :  severe  haemorrhage  may  thus  result, 
and  may  be  fatal,  either  from  asphyxia,  due  to  inhalation  of  a  large 
quantity  of  blood  into  the  air-passages,  or  more  often  from  syncope, 


Fig.  198.  —  Tubercular  Injlammation  oj  a  Bronchus.  Section  of  a  small 
bronchus  of  a  child,  who  died  from  miliary  tuberculosis.  The 
deeper  structures  of  the  bronchial  wall  are  seen  to  be  extensively 
infiltrated  with  cells,  mainly  of  the  epithelioid  type.  The  infiltra- 
tion e.\tends  to  and  invades  the  walls  of  the  adjacent  alveoli,  which 
are  seen  at  the  upper  part  of  the  drawing.  The  cavity  of  the 
bronchus  contains  a  little  mucus,  m.     x  100. 

due  to  the  great  loss  of  blood.  Tubercular  arteritis  may  also  lead  to 
general  infection  and  to  death  from  general  tuberculosis. 

Summary. — To  sura  up,  in  the  most  acute  forms  of  lyhihim  the 
principal  lesion  is  an  infective  tubercular  broncho-pneumonia,  in  whicli 
the  affected  parts  tend  to  undergo  caseation,  and  in  whiclCCgiant-cell 
systems  play  but  a  small  part.  The  centres  of  the  caseated  portions 
liquefy  and  may  be  discharged  as  sputum  by  the  air-passages ;  thus  small 
sinuous  cavities  are  formed.  When  the  change  is  more  local  and  less 
acute,  the  caseated  areas  and  the  resulting  cavities  are  often  larger 
in  size,  but  more  limited  in  distribution.  If  the  progress  is  still  more 
gradual  fibrosis — an  indication  of  repair — gives  rise  to  induration  in 
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the  consdlidatfil  tissue,  limits  the  sjjread  of  the  e.ivity,  and  by  its 
f  urther  development  and  eontraetion  may  lead  to  a  ))raetieal  healinfr  of 
the  diseased  tissue.  It  must,  however,  be  remembered  that,  unless  all 
the  tuberculous  foci  undergo  comj)lete  fibrosis,  there  is  always  the  pos- 
sibility of  secondary  infection,  for  the  presence  of  the  caseated  material 
is  evidence  of  the  continued  existence  of  the  bacilli.  Two  varieties 
of  cavity  have  already  been  described,  and  these  may  be  taken  as 
types.  Many  intermediate  varieties  will,  however,  be  met  with  even 
in  the  .same  lung.  Thus  an  old  cavity  may  open  into  a  bronchus  and 
give  rise  to  extensive  infection  of  a  neighbouring  part,  in  which  soft- 
walled  cavities  may  be  rapidly  formed.  In  some  of  the  consolidated 
tissue  surrounding  these,  fibrosis  may  gradually  occur,  and  thus  may  be 
l)roduced  cavities  with  walls  showing  every  form  of  gradation  between 
the  two  types  ])revious]y  mentioned. 

.Sitiology. — Most  of  the  questions  concerning  the  cause  of  tuber- 
culosis of  the  lung  have  been  considered  in  the  section  on  (ieneral 
Tubei'culosis  (p.  345).  It  only  remains  to  inquire  why  the  apex  of  the 
lung  is  so  frequently  the  earliest  seat  of  the  disease,  especially  in 
those  cases  in  which  the  infection  arises  from  inhalation.  The  causes 
are  probably  to  be  sought  for  in  the  diminished  range  of  respiratory 
movement  which  obtains  in  the  highest  portions  of  the  lungs.  As  a 
result  of  this  diminished  movement  there  is  diminished  aeration  of 
blood,  andj  in  certain  conditions  of  health,  a  tendency  to  stagnation  of 
the  blood-stream  in  the  capillaries.  The  stagnation  of  the  circulation 
may  lead  to  more  or  less  injury  of  the  walls  of  the  vessels,  and  the 
growth  of  anj^  tubercle-bacilli  that  may  have  gained  entrance  may  be 
thereby  favoured. 

It  is  obvious  that  any  inherited  or  acquired  weakness  must  assist 
in  the  occurrence  of  these  apical  changes.  General  feebleness  and 
want  of  vigour  lead  to  loss  of  muscular  strength  and  w  eakness  of  the 
heart,  and  thus  tend  to  prevent  the  full  expansion  of  the  chest,  to 
cause  a  stooping  posture  of  the  body,  and  to  impair  the  blood  and  air- 
circulation — all  conditions  favouring  blood-stagnation  in  the  highest 
portions  of  the  lungs.  Further,  the  success  attributed  to  residence  in 
a  i-arefied  atmosphere  is  probably  dependent  on  the  increased  rhythmical 
expansion  of  the  lungs. 

Tuberculosis  of  the  Pia  Mater  and  Brain. 

In  the  pia  mater  the  tubercular  process  is  associated  with  inflam- 
mation of  the  meninges  and  sujierficial  parts  of  the  brain,  and  is  known 
as  tubercular  meningitis,  or,  m(u-e  accurately,  meiiliigo-enccpha/ilix. 
This  is  almost  invariably  the  result  of  infection  from  a  distant  focus, 
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though  it  may  occasionally  be  due  to  extension  from  some  tuberculous 
I)one  of  the  cranium. 

The  process  is  most  marked  at  the  base  of  the  brain,  and  the  grcij 

lubcrcles  which  may  easily  escape  observation — are  seen  in  connection 

with  the  small  arteries  in  the  Sylvian  and  lonjyitudinal  fissures,  and 
arc  for  the  most  part  deeply  seated  between  the  convolutions.  A 
few  scattered  grey  granulations  are  frequently  visible  on  the  upper 
surface  of  the  hemispheres.  The  tubercles  may  be  best  seen  by 
stri]ij)ing  off  a  piece  of  membrane  containing  a  Sylvian  artery  and  its 
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Fig.  199.  —  Tubercular  Metiingitis.  View  of  pia  mater  from  the  visceral 
side,  a,  a',  tubercles— single  and  aggregated  ;  //,  b',  folds  of  pia 
mater  dipping  between  convolutions  ;  //  to  d,  line  of  Sylvian  fissure  ; 
c,  den.se  mass  of  tubercles ;  d,  single  tubercles — many  of  tliese  can  be 
seen  situated  on  the  vessels  which  form  a  network  over  the  individual 
convolutions.    Natviral  size. 

branches,  spreading  it  out  in  water  on  a  glass  plate,  and  then 
examining  it  over  a  dark  background  (Fig.  199)-  The  tubercles 
originate  at  those  points  in  the  walls  of  the  small  arteries  of  the 
pia  mater  where  the  bacilli  conveyed  in  the  circulation  happen  to  be 
arrested  (Fig.  200).  Thus,  by  the  usual  process  of  proliferation  and 
infiltration,  commencing  at  several  centres,  numerous  small  grey 
nodules  are  produced  around  the  vessels  and  in  the  adjacent  and 
surrounding  lymphatics  (p.  3.S8).  The  tubei-cles  thus  formed  rapidly 
caseate,  though  death  usually  occurs  before  this  process  is  very 
advanced. 

Thrombosis  may  occur  in  the  affected  vessels,  or  these  may  rupture, 
causing  minute  extravasations  of  blood.  A  /ibiiiioiix  iiijlammatorij  criidn- 
lioii  takes  place,  and  the  meshes  of  the  pia  mater  become  infiltrated 
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with  a  sero-fibrinous  or  puriform  liquid,  which  tends  to  collect  in  tli< 
grooves  between  the  convolutions,  especiallj'  at  the  base  of  the  brain 
The  subarachnoid  fluid  is  turbid  and  increased  in  quantity,  wiiile  t|ie 
pressure  within  the  dura  mater  rises  steadily. 

Tliese  changes  in  the  j)ia  mater  at  the  base  of  the  brain  are 
attended  by  hypenemia,  infiltration  with  leucocytes  and  fluid,  and 
slight  softening  of  the  subjacent  cortical  substance,  accounting  for 


Fig.  200. —  Tuberculosis  of  Pi  a  ..  l}. 

Mater.     Showing  a  wedge- 

shaped  tubercle,  with  inilam-  " 
mation  of   pia   mater,   and  •  ■ 

cellular  infiltration  of  cerebral 
cortex.     a,     a',  giant-cells; 

b,  b',   arteries  in  pia  mater; 

c,  caseating  patch  at  centre  of  tubercle  (d) ;  e,  eruption  of  cells  from  pia 
mater,  marking  commencement  of  another  tubercle ;  /,  fold  of  pia  mater 
between  convolutions,    x  25. 


the  early  delirium  and  hyperaesthesia  of  the  special  senses.  The 
ependyma  and  choroid  plexus  also  become  hyperaemic,  and  may  be 
covered  with  inflammatory  exudation ;  while  the  walls  of  the  ventricles, 
the  fornix  and  the  soft  commissure,  sojlen.  The  lateral  ventricles  become 
progressively  distended  with  fluid  {cimitc  hydrocephalm),  so  that  the  con- 
volutions on  the  surface  of  the  hemispheres  are  found  pressed  against 
the  skull  and  flattened.  It  is  uncertain  how  far  this  fluid  is  due  to 
local  inflammatory  exudation,  and  how  far  to  dropsj-,  since  the  exudation 
generally  causes  marked  pressure  upon  the  veins  of  Galen  near  their 
entiy  into  the  straight  sinus.  All  trace  of  fluid  is  driven  from  the 
subdural  space,  and  the  arachnoid  is  dry  and  sticky. 
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Insensibility  deepening  into  conna  precedes  death.  This  is  due  to 
the  direct  effect  of  the  rise  in  intracranial  pressure  on  the  cells  of  the 
cerebral  centres,  and  to  the  injury  caused  by  the  inflammatory  process 
to  which  they  are  subjected. 

Tuberculous  Masses  in  the  Brain. — Large  masses  of  con- 
iflomerate  tubercle  (p.  331)  are  occasionally  met  with  in  the  brain, 
unassociated  at  first  with  any  general  tubercular  process.  They  are 
due  to  the  local  growth  of  one  or  more  tubercle-bacilli  carried  to,  and 
arrested  in,  one  of  the  small  terminal  arteries.  No  bacilli  are  conveyed 
from  this  focus  to  any  distant  point  and  the  growth  remains  a  strictly 
local  one.  The  masses,  which  vary  in  size  from  a  pea  to  a  hazel-nut 
or  even  to  a  hen's  egg,  commonly  occur  in  the  cerebi'al  substance, 
especially  at  the  base  of  the  brain.  They  are  of  a  pale  yellow  colour 
ind  firm  consistence,  and  usually  form  round  globular  tumours.  Their 
surface  is  often  seen  to  be  covered  with  minute  grey  nodules,  which 
extend  into  the  surrounding  tissue  ;  and,  on  section,  similar  nodules 
are  sometimes  visible,  scattered  through  the  substance  of  the  tumour. 
In  most  cases  only  one  or  two  such  masses  are  found,  but  occasionally 
they  are  more  numerous.  They  occur  especially  in  childhood.  Near 
the  edge,  where  the  structure  of  the  tubercles  is  recognisable  and 
typical,  compressed  or  obliterated  blood-vessels  may  be  seen.  These 
masses  are  infective,  and  not  infrequently  lead,  after  an  interval  of 
some  months  or  years,  to  tubercular  meningitis  or  to  general  miliary 
tuberculosis. 


Tuberculosis  of  Lymphatic  Glands. 

In  the  lymphatic  glands,  tubercular  processes  first  give  rise  to 
changes  in  the  cortical  portions, 
inasmuch  as  it  is  to  these  that  the 
infective  material,  brought  by  the 
lymphatic  vessels,  is  first  conveyed 
(Fig.  201).  In  the  earlier  stage  of 
the  process  small  pale  grey  nodules 
;ire  often  visible  scattered  through 
the  cortex.  They  gradually  increase 
in  size  and  become  caseous.  The 
gland  meanwhile  enlarges  from  the 
addition  to  its  substance  of  these 
"  tubercles,"  which  gradually  spread  T'''^"  ^OT.-T^deradosis  oj  a  Lymphatic 
:  "  1         (iland.    The  earliest  stage  of  the  pro- 

m  along  the  lymph-sinuses  to  the     ^ess,  showing  the  giant-cell,    x  200. 
medullary  portion. 

By  this  time  the  distinction  between  the  medullary  and  cortical 
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jjortions  is  lost,  in  consequence  of  the  infiltration  and  fillinf^  uj)  of  tin 
lymph-sinuses.  A  section  at  this  stage  presents  a  greyish  honiofreneou-, 
surface,  on  which  are  ])atches  of  caseous  material.  Fibroid  changes 
frequently  follow,  and  the  cajisule  thickens,  so  that  the  caseous  masses 
may  become  surrounded  by  dense  fibrous  tissue.  The  wliole  gland 
especially  in  children,  may  be  rapidly  converted  into  a  caseous  mass. 
The  caseous  portions  may  subsecjuently  soften,  dry  up,  or  calcify 
(p.  339). 

Sometimes  no  "  tubercles  "  are  visible  to  the  naked  eye,  tliough  a 
section  in  the  early  stage  has  a  l)ulpy,  swollen  appearance,  and  may 
be  distinctly  more  vascular  than  normal.  Microscopicall}',  small  foci, 
consisting  of  epithelioid  cells  surrounded  by  leucocytes,  are  found. 
These  may  persist  unchanged  for  some  years  and  then  disa])j)ear,  or 
caseation  and  fibroid  changes  may  ultimately  supervene. 

As  before  stated,  the  affection  of  lymphatic  glands  is,  in  most 
cases,  secondary  to  a  tubercular  inflammation  in  the  area  whence  they 
draAV  their  lymph;  but  sometimes  it  (ippcar.i  to  be  primary,  bacilli 
having  entered  through  the  mucous  membrane  or  skin  without 
exciting  any  inflammation  at  the  seat  of  invasion.  The  glands  most 
commonly  affected  are  the  cervical,  bronchial,  and  mesenteric. 


Tuberculosis  of  the  Alimentary  Tract. 

The  alimentary  tract  is  a  common  seat  of  tuberculosis  ;  it  is,  more- 
over, extremely  probable  that  some  catarrhal  affections  of  the  tonsils 
and  jaharynx,  of  the  Eustachian  tube  and  middle  ear,  as  well  as  of  the 
intestine,  are  due  to  the  growth  of  tubercle-bacilli. 

Tubercular  ulceration  or  fissure  of  the  lip,  usually  with  marked 
thickening,  is  not  uncommon  in  children  and  young  adults.  On  the 
tongue  and  pharynx  tubercular  ulceration  is  rare,  and  is  usually 
secondary — at  least  in  point  of  time — to  pulmonarj'  tuberculosis.  The 
occurrence  of  tubercles  in  the  cesophagus  and  stomach  is  very  rare,  but 
cases  have  been  described.  The  course  and  appearances  (microscopic 
and  naked-eye)  of  all  these  ulcers  are  the  same.  They  will  be  described 
in  the  next  section,  as  the  intestine  is  the  pai-t  of  the  alimentary  tract 
in  Avhich  they  are  most  frequently  found. 

Tuberculosis  of  Intestine.  —  Primary  tuberculosis  of  tlu 
intestine  is  rare  in  adults.  It  is  jirobably  caused  by  infection  from 
tuberculous  milk  or  meat.  Secondary  infection  of  the  intestine  occui-s 
in  from  half  to  two-thirds  of  the  fatal  cases  of  phthisis,  and  is  caused 
by  swallowed  tuberculous  sputum.  The  small  and  the  large  intestine 
are  said  to  be  affected  with  about  equal  frequency,  and  both  are 
generally  involved.  The  morbid  jjrocess  begins  in  the  solitary 
(Fig.  202)  and  agminated  follicles  (Fig.  203),  and  is  most  marked 
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.vliere  these  are  most  numerous,  namely,  at  the  lower  end  of  the 
leum  and  in  the  caecum ;  but  any  part  may  be  affected  (p.  .'^^2). 
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KlG.  202.  —  Tuberculosis  of  Intestine,  a,  Tubercles  projecting  from  the 
tioor  of  a  tubercular  ulcer  ;  //,  slightly  thickened  edge  of  ulcer ; 
c,  ulceration  of  solitary  lymphoid  follicles.    Natural  size.  , 


V 


Fig.  203. — Tubercular  Ulceration  of  Ileum  (Intericr). — Two  ulcers  with 
long  axes  at  right  angles  to  that  of  intestine,  a,  a',  thickened 
shelving  walls  of  ulcers,  containing  tubercles;  b\  roughened  floor, 
with  tubercular  nodules  and  small  sloughs;  c,c' ,  outlying  thickening 
due  to  tubercular  infiltration ;  d,  a  mass  of  recent  grey  tubercles 
around  a  vessel  t"  ;  e,  e',  e",  dilated  vessels  in  neighbourhood  of 
large  ulcer.    Natural  size. 


The  first  stage  of  the  ))rocess  consists  in  the  appearance  of  tubercles 
in  some  solitary  glands  and  in  certain  follicles  (not  fdl)  of  some  Peyer's 
l)atches.    The  affected  lymphoid  tissue  swells,  and  therefore  projects 
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above  the  siirfaci'.  Tlie  new  elements,  consisting  largely  of"  leucocytes, 
then  undergo  tatty  changes  and  soften.  The  degeneration  in  Peyer's 
])atches,  eomnieneing  at  a  number  of  separate  centres,  is  followed  by 
a  i)atehy  ulceration  of  the  mucous  membrane  ;  and  the  process  extends 
by  the  development  and  subsequent  breaking-down  of  fresh  tubercles 
at  the  margin,  until  a  considerable  )mrt  of  the  patch  is  destroyed.  As 
the  result  of  these  changes  an  ulcerated  surface  is  produced,  the  floor 
and  edges  of  which  are  more  or  less  thickened,  owing  to  the  produc- 
tion of  tubercles  in  the  surrounding  tissues  (Fig.  203).  In  the  floor 
of  the  ulcer,  formed  usually  by  the  submucous,  sometimes  by  the 
muscular,  and  rarely  by  the  peritoneal  coat,  small   tubercles  are 


Fig.  204. —  Tuboxiilar  Ulceration  of  Ileum  (Exterior),  a,  floor  and 
walls  of  ulcer  as  seen  on  peritoneal  side  ;  b,  outljang  tubercular  infil- 
tration ;  c,  subperitoneal  vessels.    Natural  size. 

developed,  principally  in  connection  with  the  blood-vessels  and 
IpTiphatics,  and  as  these  are  arranged  transversely  around  the  intestine, 
the  infiltration  pi-oceeds  in  the  .same  direction.  These  nodules  also 
soften  and  become  caseous,  and  thus  the  process  of  ulceration  gradually 
extends  transversely  until  a  complete  ring  of  the  mucous  membrane 
may  be  destroyed  {annular  ulcer).  The  presence  of  tubercles  on  the 
peritoneal  surface,  together  with  the  dilatation  of  the  neighbouring 
vessels,  may  reveal  the  position  of  the  ulcers  before  the  bowel  is  opened 
(Fig.  204).  By  the  blending  of  adjacent  ulcers  the  mucous  membrane  is 
cut  up  into  irregular  patches ;  and,  in  extensive  cases,  only  a  few  islets 
and  bands  are  left  in  wide  areas  of  the  bowel.  The  ulcers  thus  pro- 
duced (Fig.  205)  present  a  strong  contrast  to  those  of  typhoid  fever 
(Fig.  206).  Tubercle-bacilli  are  usually  numerous  and  may  be  recog- 
nised in  the  stools  by  suitable  staining. 

Tubercular  ulcers  rarely,  if  ever,  heal :  but  an  ulcer  may  heal  at 
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one  place,  while  it  spreads  at  another,  and  the  contraction  of  any 
resulting  scar-tissue  leads  to  marked  stricture  of  the  gut,  and  occa- 
sionally to  complete  obstruction.  Owing  to  the  thickening  of  the 
tissues  at  its  base,  perforation  is  an  exceptional  occurrence.  This  may 
take  place  into  a  neighbouring  viscus  to  which  the  ulcer  has  become 
adherent,  or  into  the  peritoneal  cavity. 


Fig.  205. — A  Tubercular  Ulcer  of 
the  Intestine.  {Diagrammatic.) 
a,  mucous  membrane;  b,  sub- 
mucous-tissue;  c,  muscular  coat ; 
</,  peritoneum. 


Fig.  206.— .4  Typhoid  Ulcer  of  the 
////'i'j////<.' (Diagrammatic),  showing 
the  undermined  edges  of  the  ulcer 
and  the  slough  still  adherent,  a, 
mucous  membrane  ;  submucous- 
lissue  ;  r,  muscular  coat ;  d,  peri- 
toneum. 


The  lymphatic  glands  in  connection  with  tubercular  ulcers  are 
generally  affected.  The  lacteals  leading  from  the  ulcers,  and  even 
the  thoracic  duct  itself,  may  be  irregularly  swollen  by  tubercles  in 
their  walls. 

Tubercular  disease  of  the  peritoneum  is  considered  in  the  chapter 
on  Inflammation  of  Serous  Membranes  (p.  423). 

Tuberculosis  of  Bones  and  Joints. 

These  pai'ts  may  be  conveniently  taken  together,  as  tubercular 
disease  of  a  joint  is  frequently  secondary  to  similar  disease  of  a  bone, 
and  vice  versa.  The  primary  disease  is,  of  course,  due  to  infection 
through  the  blood ;  the  secondary,  to  extension  from  the  primary 
focus. 

In  cases  of  acute  general  tuberculosis,  both  bones  and  joints  may  be 
the  seats  of  viiliai-y  tubercles.  In  bones,  the  tubercles  are  found  chiefly 
in  cancellous  parts ;  in  Joints,  in  the  synovi.nl  and  subsynovial  tissues. 
They  present  no  peculiarities  and  cause  no  local  symptoms.  It  is  said 
that  miliary  tubercles  may  be  scattered  through  a  bone  without  any 
general  tuberculosis  being  present ;  and  certainly  multiple  foci  are  not 
uncommon  in  the  .synovial  membrane  of  a  single  joint. 

Tubercular  Periostitis  and  Osteomyelitis. — Periostitis  and 
osteomyelitis,  when  due  to  "tubercle,"  often  coexist,  as  when  caused 
by  other  irritants.  Periostitis  cannot  exist  without  a  superficial  osteitis; 
hut  the  converse  is  not  true,  for  a  deep  bony  focus  of  tubercular 
inflammation  may  be  present  without  any  obvious  involvement  of  the 
)ieriosteum. 

Seals. — Among  the  bones  which  are  affected  primarily  are  the 
bodies  of  the  vertebrae,  the  ends  of  the  long  bones,  the  bones  of  the 
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carpus  and  tarsus,  tlie  plialaiif^i-s,  and  less  often  the  metacar])al  and 
metatarsal  bones  and  the  ribs.  The  shafts  of  the  typical  long  bom  s 
are  rarely  affected  by  tubercular  ))rocesses.  The  same  may  be  said  (it 
the  cranial  bones  ;  but  certain  bones  of  the  face  not  uncomnionlv 
suffer. 

The  tubercular  process  more  often  starts  in  the  bone  than  in  lln 
periosteum.  Periosteal  changes  occasionally  ))redominate  in  the  case 
of  the  ribs,  phalanges,  and  bodies  of  the  vertebra? :  when  this  is  the 
case,  early  abscess  almost  always  leads  to  their  recognition.  But  in 
the  vertebrae,  and  ]irobably  in  the  phalanges,  primary  central  changes 
are  nuich  the  commoner. 

Morbid  C/iaiigc.i. — Bacilli  are  deposited  at  a  certain  spot,  e.g.,  in  an 
epiphysis.  Miliar}'  tubercles  next  develop  :  a  group  of  these  beconii  s 
surrounded  by  a  mass  of  granulation-tissue ;  and  this  again,  in  cases 
which  are  not  jirogressing  rapidly,  and  where  irritation  is  not  intense, 
by  a  zone  of  fibrous  tissue.  In  this  outer  zone  it  is  common  to  find  the 
bony  trabeculae  becoming  thicker  at  the  expense  of  the  spaces — /.(  .. 
the  bone  becoming  sclerosed ;  more  centrally,  in  the  area  of  greater 
irritation,  the  trabeculae  are  undergoing  absorption  (p.  .394). 

Bacilli  carried  from  the  primary  focus  cause  infection  of  the 
surrounding  tissue  and  the  formation  of  tubercles  in  the  granulation- 
tissue  zone.  As  these  increase  in  number  they  gradually  blend  with 
the  jiarent  mass,  which  meanwhile  has  probably  undergone  caseation. 
The  granulation-zone  in  the  meantime  extends  into  and  replaces  the 
zone  of  fibrous  tissue  and  of  bony  sclerosis,  which  in  its  turn  reappears 
still  farther  from  the  centre.  Thus  the  process  spreads — now  quickly, 
now  slowly.  Cure  may  be  eff'ected  by  the  encapsulation  of  the  caseous 
musses  in  fibrous  tissue.  This  is  sometimes  followed  by  their  calcifica- 
tion. On  the  other  hand,  the  disease  may  spread  till  the  surface  of  the 
bone  is  reached  and  the  soft  parts  have  become  infected.  Caseation  of 
the  tissue  is  synonymous  with  its  death,  and  any  portion  of  bone  sepa- 
rated en  bloc  by  surrounding  caseation  foi-ms  a  xeqiiextj-itm.  Usually  only 
small  fragments  of  trabecule  are  thus  separated;  but  sometimes 
caseation  follows  infiltration  so  rapidly  that  masses  of  bone  as  large  as 
a  filbert,  or  even  larger,  are  detached.  A  whole  e]iiphysis,  such  as  the 
head  of  the  femur,  may  thus  die.  As  Cheyne  has  stated,  the  trabecuhc 
of  the  sequestra  are  often  thickened,  showing  that  a  chronic  inflamma- 
tion preceded  the  change  which  caused  the  necrosis.  This  effectually 
disposes  of  Konig's  hypothesis  that  the  sequesti-a  (which  for  some 
reason  are  often  wedge-shaped)  are  due  to  emboHsm.  Sometimes  tlu 
sequestra  are  soft  and  crumbling,  consisting  of  rarefied  bone ;  some- 
times the  contents  of  the  spaces,  thus  enlarged  by  rarefying  osteitis,  aii 
calcified.    An  abscess  often  forms  with  or  without  necrosis. 

When  the  periosteum  is  primarily  affected,  the  enlargement  of  the 
bone  soon  becomes  apparent,  owing  to  the  growth  of  tubercles 
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imbedded  in  inflammatory  tissue  in  the  deeper  layers  of  the  peri- 
osteum and  in  the  superficial  Haversian  canals.  This  growth  may 
extend  over  a  wide  area  of  bone,  or  may  penetrate  deeply  at  one  or 
more  spots,  eroding  the  bone  as  it  grows,  even  after  causing  a 
preliminary  sclerosis.  Commonly  an  abscess  fbrms,  and  bursts  if  not 
opened.  The  rough  surface  of  the  infiltrated  bone  is  then  exposed. 
The  resultmg  space  is  filled  with  a  milk-like  fluid,  often  containing 
caseating  masses  and  bits  of  bone.  The  wall  of  such  an  abscess  is 
formed  of  dense  fibrous  tissue  lined  by  a  layer  of  granulation-tissue 
wliich  can  be  easily  detached  (p.  l60). 


Fig.  207. — Edge  of  Cartilage  of  Knee  in  Tubercular  A  rfkritis,  resting 
upon  inflamed  bone,  and  markedly  eroded  on  this  aspect.  The  fre^ 
surface  of  the  cartilage  is  overgrown  by  a  soft  synovial  fold  (sf. ). 
Several  channels,  by  means  of  which  cells  have  reached  the  capsules 
of  cartilage-cells,  have  been  laid  open,     x  55.    (F.  T.  Paul.) 

On  section,  this  wall  shows,  from  without  inwards,  oedematous  fibroid 
tissue,  probably  containing  tubercles  with  central  giant-cells ;  then 
granulation-tissue  with  numerous  but  less  typical  tubercles ;  and, 
lastly,  a  layer,  chiefly  of  eiMthelioid  cells,  which  becomes  more  and 
more  caseous  as  the  cavity  is  approached. 

Tuberculosis  of  Cartilage. — Hyaline  cartilage,  being  a  non- 
vascular tissue,  is  never  attacked  primarily.  Destruction  of  cartilage, 
is  sometimes  due  to  the  spread  inwards,  over  the  surface  of  the  cartilage, 
of  tuberculous  outgrowths  from  the  synovial  membrane  :  these  processes 
adhere  like  ivy,  and  gradually  erode  the  cartilage,  producing  a  cribri- 
form appearance  (Fig.  207).  Similar  destruction  may  also  be  due  to 
the  perforation  of  the  cartilage  by  a  mass  of  tuberculous  tissue 
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sprouting  through  it  from  a  focus  in  the  subjacent  bone ;  or  to  tlie 
spreading  benealli  the  cartilage  of  similar  tissue  from  a  bony  source. 
Large  pieces  of  cartilage  may  be  thus  loosened  from  the  bone,  while 
still  retaining  a  normal  appearance  on  the  side  towards  the  joint.  In 
one  or  other  of  the  above  ways  tubercular  caries  of  the  surfaces  of  a 
joint  is  established. 

Tuberculosis  of  Synovial  Membranes.— The  tubercular 
changes  met  with  in  the  synovial  membrane  are  the  followinfr; 
(1)  acute  milimy  tuberculosis,  an  mentioned  above;  (2)  diffuse  thicktinng 
(tumor  alius) — by  far  the  most  frequent  and  important  condition; 
(S)  nodular  thickening  {synovitis  tuberosa)  ;  (4)  hydrops  ;  and  (5)  empyema. 

Diffuse  thickening  may  be  primary  or  secondary.  When  primary, 
it  is  due  to  the  settlement  of  bacilli  at  one  or  more  spots  in  the 
synovial  or  sub-synovial  tissue.  Tuberculous  masses  grow  and  spread 
while  the  surrounding  tissues  become  more  or  less  swollen  and 
gelatinous-looking  from  oedema  and  cell-infiltration.  Clear  or  puriform 
fluid  may  be  effiised  into  the  joint.  The  tuberculous  foci  may  soften 
and  open  either  into  the  joint  or  into  the  periarticular  tissues,  or  may 
form  an  abscess  in  the  thickened  synovial  membrane.  When  secondary, 
the  diffuse  thickening  may  be  due  to  bursting  of  a  focus  from  the 
bone  into  the  joint,  and  infection  of  the  whole  synovial  membrane 
from  witliin.  Soon  afterwards  this  membrane  presents  the  structure 
of  the  wall  of  a  chronic  abscess,  and  its  cavity  probably  contains  turbid 
or  puriform  fluid.  In  other  cases  the  thickening  may  be  due  chiefly 
to  oedema  of  the  synovial  membrane  excited  by  the  presence  of  a  focus 
in  the  bone,  which  has  reached  the  surface  at  the  reflection  of  the 
synovial  membrane,  and  has  thus  been  shut  off  from  the  cavity  of 
the  joint.  At  this  point  of  reflection  the  membrane  becomes  in- 
fected, and  the  tuberculous  tissue  invading  it  leads  to  much  oedema 
in  its  neighbourhood.  Cheyne  states  that  in  such  cases  he  has  been 
unable  to  discover  any  evidence  of  infection  in  the  oedematous  synovial 
membrane  at  a  distance  from  the  focus — a  point  of  much  practical 
importance. 

In  synovitis  tuberosa,  fungous  masses  of  tubercular  structure,  from 
the  size  of  a  chestnut  downwards,  hang  in  greater  or  smaller  numbers 
from  the  synovial  membrane  into  the  joint,  which  almost  always 
contains  fluid :  this  is  often  blood-stained.  The  membrane  may  be 
thick  and  deeply  blood-stained  towards  the  joint.  The  disease  is  due 
to  infection  conveyed  by  the  blood.  Secondary  infection  from  the 
diseased  membrane  is  unusual. 

Effusion  may  take  place  before  thickening  of  the  synovial  mem- 
brane begins  (t^ibercidar  hydrops),  and  is  indistinguishable  at  this  stage 
from  simple  synovial  effusion.  Kiinig  states  that  in  early  stages  a  thin 
layer  of  tuberculous  tissue  can  be  found  on  the  surface  towards  the 
joint. 
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Purulent  effusion  {tubercular  enqxyema  of  the  joini)  is  indistinguishable 
from  tubercular  hydrops  until  the  fluid  is  drawn  off":  it  occurs  in  old 
people  and  in  highly  tubercular  subjects. 

Tuberculosis  of  the  Skin. 

Tuberculosis  of  the  skin  gives  rise  to  many  varieties  of  inflammation, 
of  which  some  tend  to  suppurate.  These  are  generally  grouped  under 
the  term  Scrofuloderma. 

Lupus  vulgaris  is  a  form  of  tuberculosis  characterised  by  the 
appearance  of  reddish-bi'own  nodules  of  granulation-tissue  upon  the 
skin  (cliiefly  of  the  face),  and  much  less  commonly  upon  the  mucous 
membranes  of  the  conjunctiva,  phaiynx,  vulva  and  vagina.  The  nodules 
are  situated  primarily  in  the  corium,  and  at  first  are  smaller  than  a 
pin's  head,  though  they  may  reach  the  size  of  a  jjea ;  these  blend  to 
form  a  more  or  less  diffuse  mass,  while  fresh  foci  ajjjiear  at  the 
periphery.  The  disease  generally  appears  between  the  age  of  two 
years  and  puberty,  and  is  especially  common  in  those  suffering  from 
chronic  tuberculosis  in  other  parts  of  the  body :  recurrences  may  take 
place  again  and  again,  and  the  disease  may  thus  last,  off  and  on, 
throughout  a  lifetime. 

Micivscopically ,  the  nodules  consist  of  granulation-tissue  containing 
epithelioid  cells  and  often  a  good  many  giant-cells.  Many  of  them 
differ  from  true  tubercles  in  heing  father  rickli/ vascular.  The  inter- 
cellular substance  is  scanty  and  homogeneous.  It  is  not  uncommon 
to  find  that  long  anastomosing  processes  of  epithelium  have  grown 
down  into  the  round-celled  growth. 

The  disease  spreads  by  the  jjroduction  of  fresh  nodules  at  the 
margin  of  the  primary  focus.  Its  course  is  always  chronic,  and  when 
the  patch  has  reached  a  certain  size  it  may  remain  quiescent.  The 
nodules  and  infiltration  may  end  in  degeneration  and  absoipiion — a 
white  scar  being  left — or  in  ulceration.  After  eating  away  the  tissues 
to  varying  depths,  sometimes  destroying  large  jDortions  of  the  nose,  lip, 
or  eyeUd,  the  ulcers  may  heal ;  or  healing  may  go  on  at  one  point  and 
destruction  at  another.  There  is  little  or  no  tendency  to  caseation, 
and  glands  rarely  become  affected.  Most  of  those  suffering  from  lupus 
die  of  tuberculosis  of  some  other  part. 

Mtiology. — In  favour  of  the  tubercular  origin  of  this  disease  it  may 
be  urged:  (l)  that  tubercle-bacilli  are  found  in  the  affected  tissues  ; 
(2)  that  pure  cultures  of  tubercle-bacilli  can  be  obtained  from  such 
tissues;  (3)  that  the  inoculation  of  these  cultures,  or  of  the  lujjus- 
tissue  itself,  gives  rise  to  tuberculosis  ;  (4)  that  injection  of  tuberculin 
is  followed  by  an  inflammatory  reaction  in  lupus-tissues;  (5)  that  tlie 
structure  of  the  tissue  is  such  as  would  result  fi'om  the  very  gradual 
growth  of  the  tubercle-bacillus  ;  (6)  that  the  temperature  of  the  skin 
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of  the  fiice  is  only  a  littk-  above  the  lowest  Hniit  at  whieh  the  bac  illus 
will  grow ;  and  (7)  that  there  is,  in  many  eases  of  luj)us,  a  stronj. 
jirobability  in  favour  of  accidental  inoculation  with  tubercle-bacillus. 

Scrofula. 

I 

A  constitutional  condition  known  as  Si  mjiilnwus  formerly  described. 
I  and  said  to  be  ehai-acterised  by  a  liability  of  certain  tissues  to  beconit- 

the  seat  of  chronic  inflammation.  This  susceptibility  was  said  to  bc 
most  marked  in  mucous  membranes,  Iym])hatic  glands,  skin,  bones, 
and  joints.  The  cases  so  described  are  now  known  to  have  been  dui 
either  to  chronic  tuberculosis,  or  to  the  infection  of  weakly  individual- 
with  some  other  pathogenic  organisms.  Many  of  the  latter  class 
ultimately  die  of  tuberculosis. 


LEPROSY. 

Leprosy  is  a  chronic,  progressive,  infecti\'e  disease  due  to  the  intro- 
duction of  the  Bacillus  leprae  and  its  growth  in  the  tissues. 

There  are  two  chief  varieties,  nodular*  and  cuicesikelic.    In  th 
former,  the  lesions  affect  chiefly  the  skin  ;  in  the  latter,  chiefly  th 
nerves.    The  appearance  of  these  changes  is  preceded  by  an  incubation 
and  a  prodromal  period.    These  together  extend  over  nearly  five  years, 
and  are  often  followed  by  a  series  of  successive  skin-ei-uptions. 

In  nodular  leprosy,  jaatches  of  hyperaemia  are  followed  by  thicken- 
ing of  the  skin  with  the  formation  of  small  flat  nodules,  which  grow 
very  gradually  and  often  run  togethei-,  until,  in  some  cases,  they  reach 
the  size  of  a\  alnuts.  These  changes  are  especially  developed  on  parts 
exposed  to  the  air — face,  hands,  and  feet — and  appear  sometimes 
singly,  sometimes  in  gi-oups.  The  affected  skin  is  at  first  firm  and  red  or 
bi-ownish ;  later  on  it  becomes  soft  and  pale  :  unless  injured,  it  rarely 
ulcerates  until  some  years  have  elapsed  (Fig.  208).  When  ulcers  do 
form  they  cause  great  destruction  of  features  and  other  parts  {lepra 
rmitilansy  Healing  may  occur  here  and  there.  The  nodules  may 
affect  other  parts  of  the  body,  especially  the  extensor  aspects  of  the 
limbs,  and  the  mucous  membranes  of  the  eye,  nose,  mouth,  and 
larjnux. 

In  anaesthetic  lepros)-,  cylindrical  or  fiisiform  swellings  occm-  upon 
nerves,  especially  the  ulnar  and  external  popliteal,  and  the  usual  results 
of  neuritis  follow.  These  swellings  sun-ound  long  portions  of  the  nerves, 
affecting  primarily  the  cutaneous  and,  later,  the  muscular  branches. 

*  This  variety  is  often  called  "  tubercular."  The  term  is  objectionable,  as  it  suggests 
iin  as.sociation  .with  the  tubercle-bacillus. 
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At  first  the  skin  is  often  painful  and  hypertesthetic  ;  later  on  it 
liecomes  tiiin,  pale^  and  insensitive,  while  the  jjaralysed  muscles  waste. 
A  bullous  eruj)tion  (^pemphigus  Icprosiis)  in  tlie  area  of  an  affected  nerve 
may  be  the  first  sign  of  the  disease  ;  these  bullae  may  either  dry  uj), 
leaving  pale  insensitive  patches  with  a  pigmented  border,  or  they 
may  be  followed  at  once  by  ulcers.  Sooner  or  later  ulcers  form  upon 
the  anajsthetic  parts,  leading  to  extensive  destruction  and  even  to 


I'iG.  208. — yodular  Leprosy.    (Ziegler,  after  G.  Minch. ) 

dropping  off  of  fingers,  toes,  or  of  large  portions  of  limbs  {lepra 
mulilans). 

The  two  forms  may  run  their  course  separately,  but  often  occur 
together.  The  anaesthetic  variety  occurs  chiefly  in  hot  climates.  In 
each  form  the  glands  receiving  lymijh  from  the  diseased  j^arts  enlarge — 
first  the  superficial  ones,  then  the  deeper.  Viscera — especially  the 
liver,  spleen,  and  testes — may  also  be  enlarged.  In  the  nodular  form 
death  results  from  exhaustion  or  some  intercurrent  disease,  after  a 
course  of  eight  or  ten  years  ;  in  the  anaestiietic  form  the  duration  is 
about  twice  as  long. 
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l''lG.  209. — Xodiilar  Leprosy.   Section  through  affected  skin.  (Thin). 
a,  infiltration  with  bacilli.      x  6. 

bacilli  in  lepra-cells.         x  300. 
c,  individual  leprosy-bacilli,    x  800. 

HISTOLOGY. — ^To  the  naked  eye  the  new  tissue,  wlierever 
situated,  has  a  greyish  or  yellowish  semi-transparent,  homogeneous 
appearance.  The  loose  areolar  tissues  are  chiefly  affected,  and,  in  a 
less  degree,  lymphoid  tissue.  Microscopically,  the  nodules  consist 
of  fibrous  tissue  with  large  numbers  of  bacilli.  The  most  prominent 
objects  in  the  new  tissue  are  numerous  large,  granular,  vacuolated, 
cell-like  masses  known  as  lepra-cells  ;  the  vacuoles  contain  masses  of 
bacilli.    These  cells  are  frequently  found  in  the  lymph-spaces. 

According  to  the  old  view,  lepra-cells  are  epithelioid  cells,  possibly 
derived  from  the  endothelium  lining  the  Ijanph-spaces ;  while  the 
vacuoles  are  the  intracellular  excretory  products  of  the  enclosed 
bacilli.  According  to  Bergengriin  and  other  recent  observers,  a  lepra- 
cell  is  a  transverse  section  of  a  lymphatic  stuffed  with  baciUi  which 
have  led  to  coagulation  of  the  contained  lymph — a  lymphatic  thrombus. 
The  irritation  caused  by  these  thrombi  gives  rise  to  proliferation  of  the 
lining  endothelium,  and  from  this  are  formed  the  giant-cells,  which  in 
leprosy  do  not  commonly  contain  bacilli. 

The  fusiform  swellings  on  the  nerves  consist  of  degenerated  nerve- 
fibres  and  proliferated  connective-tissue  with  numerous  bacilli  con- 
tained withni  the  cells  or  lying  free  in  the  new  tissue. 

The  new  tissue  in  the  skin  very  gradually  undergoes  fatty  degen- 
eration and  is  absorbed,  or  breaks  down.  The  foci  run  together,  and 
the  diseased  part  appears,  on  section,  to  be  divided  into  nodular  masses 
by  fibrous  bands.  Other  tissues  may,  on  account  of  the  interference 
Avith  their  nutrition,  necrose  or  atrophy. 

The  It/mpkatic  glands  contain  small  fibrous  patches.  As  Delepine 
points  out,  the  live?;  spleen  and  nerves  all  show  signs  of  chronic  inter- 
stitial inflammation.  The  /w(o-.v  are  often  said  to  be  tuberculous.  They 
certainly  iiave  the  appearances  of  organs  undergoing  caseous  broncho- 
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pneumonia  ;  but  it  is  doubtful  whether  this  condition  is  not  frequently 
due  to  the  leprosy-bacillus,  although  tuberculosis  is  unquestionably 
common  in  lepers. 

.ffiTIOLOGY. — This  disease  is  endemic  in  many  parts  of  the 
world,  especially  in  the  East  and  West  Indies,  China,  South  America, 
and  Equatorial  and  Southern  Africa.  From  the  fourth  to  the  fourteenth 
century  it  was  widely  spread  over  Europe,  but  began  to  die  away  at 
the  beginning  of  the  fifteenth,  and  was  nearly  extinct  by  the  end  of 
that  century,  when  syphilis  first  became  prominent.  Lejirosy  still 
lingers  in  many  places  in  Europe,  particularly  in  Norway,  Sweden  and 
Iceland. 

From  time  immemoinal  leprosy  has  been  looked  upon  as  a  con- 
tagious disease,  and  lepers  have  been  rigorously  excluded  from  social 
communities.  In  many  cases,  however,  lepers  have  been  known  to 
live  in  the  closest  association  with  healthy  people  without  communi- 
cating the  disease.  On  the  other  hand,  no  one  ever  contracts  the 
disease  without  having  been  brought  into  contact  with  the  contagion, 
which  may  in  all  probability  remain  latent  for  years.  The  extremely 
gradual  development  of  the  disease  renders  its  contagiousness  difficult 
to  prove. 

It  may  be  noted  that  leprosy  flourishes  in  all  climates  and  upon  all 
soils.  There  is  no  evidence  that  poor  diet  and  salt  fish  take  any 
prominent  part  in  its  causation,  as  some  have  thought ;  or  that  the 
disease  is  hereditary,  although  Hirsch  strongly  maintained  that  it  was. 
Possibly  there  may  be  some  hereditary  predisposition  analogous  to 
that  beheved  to  exist  in  the  case  of  phthisis. 

Observers  are  agreed  that  there  is  constantly  present  in  all  the 
recent  primaiy  lesions  of  leprosy  a  bacillus  very  closely  resembling  in 
its  characters  the  tubercle-bacillus  (p.  330). 

The  bacilli  found  in  leprosy  may  vary  in  shape,  size,  and  staining 
affinities.  Delepine  showed  that  in  one  case  the  bacilU  free  in  the 
tissues  were  shorter  and  more  readily  stained  than  those  in  the  lepra- 
oells ;  while  those  in  the  skin  and  mucous  membranes  were  longer  and 
more  rapidly  stained  than  those  in  the  liver  and  spleen.  The  bacilli 
may  generally  be  distinguished  from  tubercle-bacilli  as  seen  in  human 
tissues,  by  their  enormous  numbers,  and  by  their  occuiTence  in  the 
lymphatics  and  in  the  tissues.  Moreover,  giant-cells  are  less  common, 
and  do  not  often  contain  bacilli. 

Attempts  to  cultivate  the  organism  have  so  generally  failed  that 
the  few  recorded  exceptions  are  of  little  value  until  more  fully  con- 
firmed. Amid  conditions  under  which  the  tubercle-bacillus  will 
flourish,  the  leprosy-bacillus  will  not  even  grow  at  all. 

Nor  do  inoculation-experiments  give  decisive  results.  In  the  case 
of  a  criminal,  to  whom  inoculation  had  been  off  ered  as  an  alternative 
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to  execution,  the  disease  followed  the  inoculation,  but  the  result  was 
inconclusive,  as  the  man  had  up  to  that  time  been  in  frequent  contact 
with  lepers.  Whether  the  affected  tissues  be  introduced  into  other 
parts  of  leprous  patients,  or  into  animals,  the  resuUs  are  uniformly 
unsuccessful,  though  the  bacilli  themselves  are  not  destroyed,  for  they 
can  be  found  months  afterwards  in  the  tissues. 


SYPHILIS. 

The  disease  known  as  syphilis  is  characterised  by  the  presence  of 
inflammatory  lesions  occurring  in  foci,  some  of  which  are  infective. 
The  lesions  thus  possess  some  points  of  resemblance  to  those  of  tuber- 
culosis and  leprosy,  but,  on  the  other  hand,  in  their  seats,  distribution, 
sequence,  and  histological  characters,  present  certain  jieculiarities 
which  make  them  characteristic  of  this  disease.  The  primary  lesion 
occurring  at  the  point  of  inoculation  is  followed  by  enlargement  of  the 
neighbouring  lymjDhatic  glands,  and,  later  on,  when  the  virus  becomes 
generalised,  by  a  series  of  changes  in  the  skin  and  mucous  membranes. 
At  a  still  later  period  these  may  be  succeeded  by  changes  in  the 
nervous  system,  bones,  and  internal  organs — most  of  them  the  results 
of  inflammatory  jirocesses  induced  by  the  syphilitic  poison.  Syphilis  is 
a  "  chronic  general  infective  disease,"  although  the  proof  that  it  is  due 
to  any  known  organism  is  still  incomplete. 

I.  PRIMARY  LESION. — In  all  probability  there  is  always  a 
local  lesion  at  the  point  of  inoculation,  though  it  may  be  exceedingly 
minute  and  not  infrequently  escape  observation,  especially  in  women. 
This  primary  lesion  is  a  small  hard  nodule  (Jiard  cliancre)  in  the  skin 
or  mucous  membrane  and  consists  of  ordinary  chronic  inflammatory 
tissue,  being  made  up  of  giant-cells,  epithelioid  cells,  and  a  large 
proportion  of  leucocytes.  There  may  also  be  some  epithelial  pro- 
liferation on  its  surface  which  is  often  eroded,  a  small  ulcer  Avith  a 
hai'd  base  resulting.  This  ulcer  may,  of  course,  become  infected  with 
j)yogenic  cocci. 

Columns  of  cells,  probably  leucocytes,  extend  from  this  indurated 
focus  between  the  planes  of  connective-tissue  in  the  neighbourhood, 
and,  by  means  of  lymphatics,  reach  the  nearest  lymph-glands.  W  hen 
the  virus  is  introduced  by  absorption  through  a  slight  abrasion,  a 
lymphatic  can  generally  be  found  in  the  centre  of  the  focus,  and  the 
infection  spreads  rapidly,  by  means  of  the  connective-tissue  spaces 
and  lym])hatics,  to  the  glands,  which  are  thus  quickly  involved,  though 
no  evidence  of  the  generalisation  of  the  poison  occurs  for  two  or  three 
Aveeks.  When  accidentally  inoculated,  as  in  the  course  of  an  operation, 
the  vii-us  may  gain  direct  entrance  to  the  blood-stream  and  the  evidence 
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of  general  infection  may  thus  occur  much  earlier,  without  any  previous 
infection  of  the  glands. 

II.  SECONDARY  LESIONS  Two  or  three  weeks  after 

inoculation,  lesions  appear  in  many  parts  of  the  body  as  a  result  of 
the  generalisation  of  the  virus.  These  are  characterised  by  inflamma- 
tion of  the  perivascular  sheaths  and  adventitia  of  the  smallest  vessels, 
and  by  the  presence  of  epithelioid  cells  and  leucocytes.  Many  of  the 
lesions  are  anatomically  indistinguishable  from  simple  inflammations 
of  the  same  parts.  The  rashes,  for  example,  are  due  to  inflammatory 
hyperaemia  with  more  or  less  infiltration  of  the  superficial  layer  of  the 
skin,  enlargement  of  the  papillae,  and,  often,  excessive  epithelial  mul- 
tiplication (mucous  tubercles).  As  a  rule  these  inflammations  end 
naturally  in  resolution  ;  but,  in  tissues  of  feeble  resisting  power,  ulcera- 
tion may  follow.  Early  syphilitic  periostitis  (iiodcs)  is  indistinguishable 
from  traumatic  inflammation,  and  syphilitic  iritis  is  diagnosed  from 
rheumatic  iritis  only  by  concomitant  cii-cumstances. 

III.  TERTIARY  LESIONS. — Other  lesions,  sometimes 
known  as  tertiarij,  occur  later.  The  most  characteristic  of  these  ai'e 
gummata,  but  the  most  frequent  is  simple  fibroid  induration. 

Fibroid  Induration. — Anatomically,  this  is  ordinary  proliferative 
inflammation,  ending  in  scar-tissue  (p.  159).  When  the  fibrous  tissue 
is  gradually  developed  without  evidence  of  any  change,  except  such 
degeneration  and  atrophy  as  may  depend  on  or  precede  the  subsequent 
contraction  of  this  tissue,  it  is  sometimes  spoken  of  as  an  overgrowth 
of  connective-tissue.  The  density  of  the  new  tissue  varies  in  different 
cases  and  in  different  pai'ts  of  the  same  organ.  The  infiltration  7nay 
be  general,  but  much  more  commonly  the  fibroid  areas  are  separated 
by  comparatively  healthy  portions  of  the  organ.  It  is  the  irregular 
distribution  of  these  lesions  which  makes  them  so  characteristic  oj 
syphilis. 

The  capsules  of  organs  are  irregularly  thickened ;  any  peritoneal 
coverings  they  may  possess  are  involved,  and  more  or  less  general 
adhesion  to  surrounding  parts  occurs.  As  the  fibrous  tissue  contracts 
the  organ  shrinks  and  often  becomes  of  stony  hardness ;  but  the 
irregular  distribution  of  the  exudation  often  causes  unequal  contrac- 
tion and  puckering  of  the  surface,  amounting  in  some  cases  to  the 
formation  of  deep  fissures  which  almost  divide  the  organ  into  lobes. 
In  these  cases  tlie  diffuse  growth  has  probably  been  combined  with 
the  gummatous,  and  the  thickened  capsule  is  connected  with  fibrous 
strands  which  extend  deeply  into  the  surrounding  tissue. 

The  naked-eye  examination  of  a  testis  which  has  undergone  these 
changes  shows  adhesions  between  the  layers  of  the  tunica  vaginalis, 
and  intervening  spaces  containing  fluid,  as  well  as  marked  thickening 
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of  the  tunica  albuginea  with  dense  bands  of  fibrous  tissue  extending 
from  it  towards  the  mediastinum.  The  natural  reddish-brown  colour 
of  the  tubules  is  replaced  by  a  much  paler  wiiitish-j'ellow  tint,  in 
which  islands  of  normal  tissue  may  remain.  The  consistence  of  the 
gland  is  greatly  increased.  One  or  two  gummata  may  also  be  present. 
In  syphilitic  orchitis  the  affection  of  the  tunica  vaginalis  is  often 
proved  during  life  by  the  presence  of  hydrocele. 

When  occurring  in  bone,  this  fibroid  induration  may  ossify.  Under 
the  periosteum,  it  causes  thickening  of  the  bone.  In  the  Haversian 
canals  and  cancellous  spaces  it  leads  to  increase  in  den.sity. 


Fig.  zio.— Gummata  in  t lie  Liver,  a,  diaphragm;  b,  peritoneum  and 
capsule  of  liver ;  c,  caseous  masses ;  d,  fibroid  walls  surrounding 
caseous  masses  ;  e,  sublobular  vein  ;  /,  g,  areas  undergoing  amy- 
loid degeneration ;  h,  areas  undergoing  marked  fatty  changes. 
In  this  specimen  the  gummata  are  a  short  distance  from  the  surface 
and  no  thickening  of  the  capsule  or  puckering  of  the  surface  has 
occurred.    Natural  size. 

It  is  possible  that  fibroid  induration  is  always  preceded  by  the 
formation  of  gummata,  and  that  it  represents  a  final  stage  in  which 
all  caseous  matter  has  been  absorbed. 

Gummata.  (Syp/ii/ilic  Tumonrs,  S>iphilomat(i.)—A^  usually  met 
witli,  these  are  moderately  firm  yellowish-white  nodules,  having  on 
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section  an  appearance  suggestive  of  the  cut  surface  of  a  horse-chestnut 
(Fig.  210).  They  vary  in  size  from  a  hemp-seed  to  a  wahiut,  and  are 
surrounded  by  a  zone  of  translucent  fibrous-looking  tissue,  which 
sometimes  has  the  appearance  of  a  capsule,  and  Av  hich  is  so  intimately 
associated  with  the  surrounding  structures  that  enucleation  of  the  mass 
is  impossible.  The  outline  of  the  growth  is  generally  irregular,  owing 
to  the  number  of  fibrous  processes  which  radiate  from  it  along  the 
natural  septa  of  the  organ  (Fig.  211).  In  the  earlier  stages  of  their 
development,  as  seen  in  the  liver  in  cases  of  congenital  syiihilis,  where 
they  occur  as  early  secondary  lesions,  gummata  are  much  softer  in 
consistence,  more  vascular,  and  of  a  reddish-white  colour ;  whilst  in 
their  most  advanced  stages,  owing  to  extensive  degenerative  changes, 
they  may  be  opaque,  yellow,  and  fatty. 

Examined  microscopically,  gummata  are  found  to  vary  in  their 
minute  structure  according  to  their  age.  When  recent  they  are 
divisible  into  three  zones.  The  central  portions  are  composed  of 
closely  packed  shrunken  cells  and  nuclei,  fat-granules  and  cholesterin, 
amongst  which  is  generally  a  little  fibrillated  tissue.  Surrounding 
this  and  directly  continuous  with  it  is  the  intennediate  zone,  consisting 
of  epithelioid  cells  in  a  distinctly  fibrillated  matrix.  The  peripheral 
portion  of  the  growth,  which  is  in  direct  histological  continuity  with 
the  surrounding  structures,  consists  mainly  of  leucocytes,  though 
epithelioid  cells  and  even  giant-cells  are  also  found.  Giant-cells  are 
much  rarer  than  in  tuberculosis.  The  cells  are  separated  by  a  scanty, 
homogeneous,  intercellular  material  and  numerous  new  blood-vessels. 
In  older  gummata,  only  two  zones  may  be  apparent,  an  inner  caseous 
zone  and  an  outer  Jibrous  zone. 

The  origin  of  the  cells  in  gummata  is  most  likely  the  same  as  in 
tubercles.  It  seems  probable,  however,  that  the  chemical  effects  of 
the  syphilitic  virus  are  less  deadly  to  the  life  of  the  new  cells  than  are 
the  corresponding  effects  of  the  tubercular.  The  further  development 
of  the  new  tissue  therefore  jiroceeds,  and  vessels  are  formed.  The 
caseation  which  next  occurs  is,  in  all  probability,  not  so  much  due  to 
the  direct  action  of  the  virus  as  to  the  subsequent  shutting  off  of  the 
blood-supply.  By  means  of  changes,  presently  to  be  described,  the 
walls  of  the  blood-vessels  in  the  centre  of  a  gumma  become  thickened, 
and  in  thickening,  encroach  upon  and  nearly  obliterate  the  lumen. 
Subsequent  thrombosis  in  the  affected  vessels  completes  the  interference 
with  the  blood-stream.  To  tliese  changes  must  also  be  added  the 
strangulating  effect  on  the  blood-vessels,  produced  by  the  contraction 
of  the  new  fibrous  tissue.  The  parts  thus  gradually  dejirived  of  blood 
must  degenerate,  and  this  occurs  at  a  comparatively  early  stage, 
although  not  so  early  as  in  tuberculosis.  When  the  gumma  is  large,  and 
particularly  wlien  the  epithelioid  cells  are  present  in  large  numbers, 
the  mass  may  be  seen  to  be  made  up  of  an  agglomeration  of  smaller 
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growths,  eiifli  liaving  the  characteristic  structure.  When  the  leucocytes 
liredominate,  the  foci  run  together  and  their  outlines  are  lost.  It 
has  been  recently  stated  that  subcutaneous  gummata  originate  in 
an  endoplilclntix  /yroli/'eraiis  followed  by  thrombosis,  perivasal  round- 
celled  infiltration,  and  subsequent  necrosis ;  and  that  in  these  cases 
urtenal  changes  are  not  so  constant. 

In  enr/i/  stages,  before  they  have  produced  marked  destruction  of 
tissue,  gummata  may  disappear  under  treatment.    In  Idler  stages  tln  ir 


Fig.  '2.\t..— Edge  of  Gumma  of  the  Liver,  a,  a',  fibrous  strands  e.\tending 
into  lobules  of  liver ;  fibrous  wall  of  gumma,  among  which  remnants 
of  liver-cells  are  apparent  (caseous  mass  lay  to  left  of  specimen  and  is 
not  shown)  ;  c,  masses  of  leucocytes  ;  </,  d',  liver-cells  undergoing 
fatty  changes  in  neighbourhood  of  fibrous  strands,     x  120. 


ccnlrnl  fatty  portions  are  frequently  absorbed,  leaving  a  radiating 
])uckered  scar:  calcification  is  rare.  If  gummata  become  infected 
with  pyogenic  cocci,  they  soften  and  suppuration  occurs  aroimd  them ; 
the  abscess  bursts,  and  a  yellow  slough  is  exposed.  This  has  a  very 
characteristic  ap})earance,  resembling  a  piece  of  wet  wash-leather :  it 
is  tough  and  coherent,  unlike  the  dead  tissue  from  the  caseous  centre 
of  a  tubercular  focus.  It  gradually  becomes  detached,  leaving  a  larger 
or  smaller  cavity  with  soft  ragged  margins.  These  changes  can  often 
be  seen  in  tlie  tongue.  Gummata  of  the  .skin  and  mucous  membnincs 
are  the  most  prone  to  take  this  coin-se.  These  idcerations  nuisl  be 
distinguished  from  the  superficial  ulcerations  connected  with  the  early 
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rashes.  It  seems  probable  that  gummata  may  sometimes  soften  without 
the  action  of  pyogenic  cocci. 

Gummata  are  met  with  in  the  skin  and  subcutaneous  cellular 
tissue  ;  in  the  submucous  tissue^  especially  of  the  pharynx,  soft  palate, 
tongue,  and  larynx ;  in  muscle,  fasciae,  and  bone  ;  and  in  the  con- 
nective-tissue of  organs — especially  of  the  liver,  brain,  testicle,  and 
Ividney.  Gummata  also  occur,  but  much  less  frequently,  in  the  lungs, 
especially  in  congenital  syphilis :  simple  localised  fibroid  indurations 
ire  found  under  the  same  circumstances. 


A 


Fig.  212. — Syphilitic  Disease  of  Cerebral  A  rteries. 

A.  Segment  of  middle  cerebral  artery,  transverse  section — /,  thickened 

inner  coat ;  e,  endothelium  ;  f,  membrana  fenestrata  ;  m,  muscular 
coat ;  a,  adventitia.    x  loo. 

B.  Small  arter)'  of  pia  mater,  transverse  section.    Showing  thiclcened 

inner  coat,  diminished  lumen  of  vessel,  and  considerable  infiltration 
of  adventitia.  The  cavity  of  the  vessel  contains  a  clot,    x  50. 

No  hard  line  can  be  drawn  clinically  or  pathological  I  ij  between 
secondary  and  tertiary  lesions.  In  congenital  syphilis,  gummata 
and  pericellular  cirrhosis  are  among  the  earliest  manifestations  of 
the  disease. 

Contrast  between  Syphilitic  and  Tubercular  Lesions. — 

Attention  has  previously  been  drawn  to  resemblances  and  distinc- 
tions between  tubercular  and  syphilitic  formations.  The  points  of 
contrast  may  be  thus  summarised.  In  si/philis,  (1)  the  contagion  is 
more  easily  traceable  ;  (2)  the  foci  are  larger,  and  show  a  greater 
tendency  to  organisation,  while  endarteritis  of  their  vessels  is  in- 
variable ;  and  (.'i)  the  lesions  are  always  local,  and  jiignieiitation  is 
common. 
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CHANGES  IN  VESSELS.— Certain  changes  in  the  arteries, 

known  as  Endartcrilis  uh/ili'raiix,  occur  in  syphilis,  either  as  a  distinct 
local  lesion — esjjecially  in  the  bruin — or  in  conjunction  with  other 
syphilitic  changes,  as  in  gummata. 

In  the  cerebral  arteries  the  changes  produce  o))acity  and  marked 
thickening  of  the  vessel,  with  considerable  diminution  in  its  calibre. 
It  is  this  diminution  of  the  lumen  of  the  vessel  which  is  especially 
characteristic.  The  smaller  vessels,  arteries  and  veins,  are  chiefly 
affected,  and  their  lumina  may  be  quite  obliterated. 

When  transverse  sections  of  the  vessels  are  examined  microscopically, 
the  changes  are  seen  to  be  situated  in  the  inner  and  outer  coats 
(Fig.  212).  The  intima  is  considerably  thickened  by  a  cellular  growth. 
The  growth,  which  is  limited  internally  by  the  endothelium  of  the 
vessel,  and  externally  by  the  membrana  fenestrata,  consists  of  chronic 
inflammatory  tissue  containing  a  large  proportion  of  cells. 

In  addition  to  this  change  in  the  intima,  the  outer  coat  is  abnormally 
vascular  and  is  infiltrated  with  small  cells  (Fig.  212),  and  to  a  less 
extent  this  cellular  infiltration  usually  invades  the  muscular  layer  as 
well.  The  marked  diminution  of  the  lumen  of  the  vessel  and  the 
consequent  interfei-ence  with  the  circulation,  coupled  with  the  changes 
in  the  endothelium,  frequently  lead  to  thrombosis,  and  consequently, 
when  the  cerebral  vessels  are  affected,  to  cerebral  softening. 

Syphilis  is  one  of  the  factors  in  the  production  of  arterio-sclerosis 
and  of  aneurysm  (ji.  451).  It  also  leads  to  amyloid  degeneration  of 
the  walls  of  the  vessels  and  other  parts  (p.  51). 

.SITIOLOGY. — Strong  as  is  the  clinical  evidence  of  the  infective 
nature  of  syphilis,  nothing  positive  is  known  of  its  cause. 

The  poison  exists  in  the  primary  sore,  in  mucous  tubercles,  and  all 
secondary  sores,  and  in  the  blood  during  the  eruptive  period,  for  all 
these  are  infective.  It  is  not  present  in  normal  secretions,  such  as 
milk,  saliva,  mucus  and  semen.  The  discharge  from  gummatous  ulcers 
is  usually  not  infective.  Fibroid  lesions  are  indications  of  the  successfiil 
resistance  of  the  tissues  to  the  virus,  and  must  be  regarded  as  evidence 
of  a  healing  process. 

Klebs  inoculated  apes  with  portions  of  syphilitic  tissue,  and  pro- 
duced a  disease  closely  resembling  syjjhilis. 

Many  observers  have  described  oi-ganisms  which  they  have  found 
in  sy]3hilitic  lesions.  None  of  these  results  have  up  to  the  joresent 
time  been  sufficiently  confirmed.  Lustgarten  has  described  a  bacillus 
very  similar  if  not  identical  with  that  usually  present  in  the  smegma 
preputii. 

Van  Niessen  obtained  a  coccus  {syplnlococcus)  from  a  jmmary  sore, 
cultivated  it  on  gelatine  and  inoculated  animals,  thus  producing  hard 
sores  and  gummata.    These  results  still  need  confirmation. 
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Syphilitic  Disease  of  the  Liver. 

The  liver  is  one  of  the  most  frequent  seats  of  syphilitic  lesions. 

In  adult  life  the  commonest  change  is  the  occurrence  of  caseous 
foci  (gummata)  imbedded  in  localised  tracts  of  dense  fibrous  tissue, 
with  processes  radiating  into  the  suri'oundmg  lobules  of  the  liver, 
which  is  often  undergoing  fatty  or  fimyloid  degeneration  (Fig.  211). 
These  changes  are  generally  connected  with  fibroid  thickening  of 
the  capsule  and  adjacent  peritoneum.  Sometimes  no  caseous  masses 
can  be  found,  and  the  change  is  limited  to  scar-like  depressions  on  the 
surface  of  the  liver,  which  is  irregularly  and  deeply  puckered.  In 


Fig.  213. — Pericellular  Cirrhosis,    a,  remnants  of  liver-cells  ;  b,  inter- 
lobular vein  (portal  canal) ;  c,  intralobular  vein. 
(From  a  specimen  by  Dr.  Rolleston.) 

these  cases  it  is  possible  that  there  may  have  been  gummata  which 
have  since  been  absorbed.  In  other  cases,  as  Adami  points  out,  a 
more  uniform  pericellular  cirrhosis  occurs  and  persists.  This  involves 
the  centi'al  portions  of  the  lobules  quite  as  much  as  the  peripheral. 

In  congenital  syphilis  two  changes  are  common  :  (1)  Recent 
gummata,  consisting  of  small,  pale,  somewhat  ill-defined  patches  of 
granulation-tissue,  are  not  infrequently  met  with.  (2)  More  often, 
diffuse  changes,  resulting  in  pericellular  cirrhosis,  are  found  (see  Peri- 
cellular Cirrhosis  of  Liver).  According  to  Hecker,  the  cellular  accumu- 
lations causing  the  enlargement  of  the  liver  so  common  in  children  born 
with  syphilis  are  made  up  partly  of  proliferated  liver-cells  and  partly  of 
cells  suggestive  of  newly  formed  red  corpuscles.  Hecker  accordingly 
suggests  that  the  condition  of  the  liver  is  due  to  a  continuation  and 
excess  of  the  normal  foetal  processes  in  that  organ. 
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Amyloid  disease  may  result  from  syphilis  apart  from  any  of  the 
above  changes. 

It  is  unnecessary  to  describe  tiie  syphilitic  lesions  which  occur  in 
other  organs,  as  they  all  present  the  same  general  characters — viz., 
cell-infiltrations,  scars,  fibroid  indurations,  and  gummata,  singly  or  in 
combination. 

Certain  degenerative  changes  in  the  nervous  system  are  attributed 
to  syphilis  among  other  causes.  The  degeneration  of  the  nerve-tissue 
is  accompanied  by  an  apparent  overgrowth  of  neuroglia.  The  syphilis 
probably  acts  by  interfering  with  the  nutrition  of  the  cell-dendrites, 
and  atrophy  of  the  fibre  follows  (see  chap.  xii.). 


GLANDERS. 

Glanders  (^Equi7iia'),  an  infective  disease,  due  to  the  growth  of  the 
Bacillus  mallei,  is,  like  tuberculosis  and  sj'philis,  distinguished  bv  the 
presence  of  characteristic  local  lesions. 

In  animals  two  varieties  of  the  disease  are  described.  In  (1) 
Glanders,  the  nasal  mucous  membrane  and  its  prolongations  are  the 
seat  of  the  earliest  lesions ;  in  (2)  Farcy,  the  skin  and  subcutaneous 
tissue.  Each  form  may  run  a  rapid  or  a  slow  course.  Both  varieties 
of  the  disease  are  common  among  equine  animals,  especially  horses, 
and  are  communicable  from  them  to  other  animals,  including  man, 
though  this  happens  but  rarely.  The  disease  is  also  transferable  from 
man  to  man. 

In  Man  the  distinction  between  the  two  varieties  does  not  obtaiji. 
as  the  lesions  of  the  one  form  nearly  always  supervene  upon  those  of 
the  other. 

APPEARANCES. — The  characteristic  lesions  resemble  acute 
abscesses  in  some  particulars,  and  typical  tubercles  ui  others.  They 
are  best  seen  in  the  more  chronic  varieties.  A  circumscribed  nodule 
(^farcy-bud)  appears,  varying  in  size  from  a  mere  point  to  that  of  a  pea 
or  bean.  On  section,  this  is  found  to  consist  of  a  mass  of  leucocytes 
in  the  centre  and  a  zone  of  epithelioid  cells  ai'ound  it,  while  an 
additional  external  zone  of  red  blood-corpuscles  is  not  uncommon : 
vascularisation  of  the  bud  is  at  best  very  imperfect.  Necrosis  occurs 
in  the  centre  and  more  or  less  suppuration  follows.  When  a  farcy-bud 
forms  near  a  free  surface,  an  ulcer  with  a  sharply  cut  indurated  margin 
and  a  very  foul  base  usually  i-esults.  Such  ulcers  may  heal,  but  their 
course  is  generally  very  chronic. 

In  the  more  acute  forms  of  the  disease  the  jioison  sets  up 
ordinary  sui)puration  at  the  sj)ot  where  it  develops.  The  inflammation 
is  not  always  cii'cumscribed  :  sometimes  it  is  diffuse,  giving  rise  to 
infiltration  of  muscles,  subcutaneous  tissue,  and  the  connective-tissue 
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of  tlie  orbit.  This  is  succeeded  by  suppuration  at  several  points^  or 
throughout  the  infiltrated  tissue. 

COURSE. — A  wound  is  a  common  place  of  entry  ;  mucous  mem- 
branes, especially  the  conjunctival  and  nasal,  are  also  seats  of  primary 
infection.  In  many  cases  there  is  no  evidence  to  show  how  the  jioison 
has  entered. 

In  acute  glanders,  after  a  valuable  period  of  incubation,  inflam- 
matorv  nodules  appear  in  the  mucous  membrane  of  the  nose,  frontal 
sinuses,  or  other  places,  and  run  on  more  or  less  rapidly  to  suppuration 
and  ulceration.  The  fever  and  muco-purulent  or  bloody  discharge 
from  the  nostrils  are  thus  explained.    The  submaxillaiy  and  cervical 


Fig.  214. — Section  througli  a  "Bud"  in  the  Skin  from  a  Case  of  Acute 
Glanders.  The  horny  layer  has  mostly  disappeared  and  the  Mal- 
pighian  layer  is  pushed  upwards  by  the  subjacent  abscess  (just  below 
a).  The  mass  of  pus-corpuscles  is  just  breakins;  down  to  form  a 
cavity,  the  walls  of  which  are  infiltrated  with  similar  cells.    (Boyd. ) 

glands  swell — from  infection  through  the  lymphatics.     The  poison 
then  enters  the  blood  and  is  carried  to  distant  parts,  giving  rise  to 
metastatic  inflammation  in  the  lungs  and  other  internal  organs,  in  the 
skin,  and  in  the  mucous  membranes  of  the  respiratory  and  alimentar}* 
tracts.    Abscesses  in  the  subcutaneous  and  intermuscular  tissues  are 
common,  and  suppuration  in  joints  occurs.     In  fact,  the  disease 
:  resembles  pyaemia  in  many  respects,  being,  like  it,  due  to  the  dis- 
■  semination  by  the  blood  of  an  organism  capable  of  exciting  suppura- 
!  tion.    The  abscesses  in  organs  are  generally  small,  but  may  reach  a 
t  large  size.    The  respiratory  and  alimentary  mucous  membranes  are 
(  probably  infected  from  the  nose.    On  the  skin,  red  pajjules  and  larger 
)  patches  of  inflammation  appear.    On  these,  vesicles  and  then  pustules 
— often  with  haemorrhagic  contents — quickly  develop.    These  consti- 
'  tute  the  rash  of  the  disease.    The  earliest  stage  is  a  collection  of 
f  round  cells  in  the  superficial  part  of  a  papilla  ;  a  little  later  a  j)ustule 
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is  found  to  liave  developed  under  the  rete.  Tlie  fever  is  higli 
tliroughout  the  disease,  sj^mptoms  of  prostration  aj)j)ear  early,  and 
deatli  occurs  with  all  the  si<rns  of  se])tic'  jioisonin^. 

In  chronic  glanders  large  "  buds  "  appear  in  the  subcutaneous, 
submucous,  and  intermuscular  tissues.  Those  near  the  surface  break 
down  slowly,  and  form  foul  ulcers ;  the  lymphatics  become  mudi 
swollen,  hard,  and  knotted  :  and  the  glands  are  greatly  enlarged. 
The  general  symptoms  are  much  milder.  This  form  often  ends  in 
recovery.  In  fatal  cases  the  symptoms  of  acute  glanders  frequently 
supervene  before  death. 

.ffiTIOIiOGY. — In  the  pus  of  abscesses  in  glanders,  Schuiz  and 
Loeffler  found  slender  rods,  smaller  than,  but  resembling  generally,  the 
bacilli  of  tuberculosis.  Cultivated  in  the  serum  of  horse's  blood,  these 
rods  formed  colonies,  maintaining  their  initial  form.  After  repeated 
cultivation,  to  ensure  the  absence  of  contamination,  various  animals 
were  inoculated.  The  result  vai'ied  with  their  susceptibility.  In  all. 
an  indurated  ulcer  appeared  at  the  site  of  inoculation  ;  and  curd-like 
lymphatics  ran  thence  to  swollen  glands.  In  some,  metastatic  abscesses 
formed  in  internal  organs  ;  in  others,  death  occurred  rapidly,  with 
symjitoras  of  septic  poisoning.  In  all,  the  above  bacilli  were  found. 
Two  horses  were  inoculated  from  a  fourth  cultivation  :  after  some  days' 
incubation  the  symptoms  of  glanders  set  in,  arid  the  older  horse  died 
in  fourteen  days.  The  other  was  extremely  Aveak  and  was  killed  next 
day.  The  post-mortem  signs  were  the  same  in  both — viz.,  a  sore  the 
size  of  a  shilling  at  the  site  of  inoculation  ;  hard  and  swollen 
lymphatics,  leading  from  the  sore  to  neighbouring  glands  ;  abscesses  in 
the  lungs,  from  the  size  of  a  pea  downwards  ;  farcy-buds  and  ulcers 
studding  the  nasal  mucosa. 

By  this  one  series  of  exjjeriments  the  organism  known  as  the 
B.  viallei  was  proved  to  be  the  cause  of  glanders.  The  bacillus  is 
non-motile,  grows  on  ordinary  media  and  pofcito,  and  does  not  form 
spores. 

An  extract  of  the  cultures  has  been  prepared,  and  is  known  as 
mallcin.  When  injected  subcutaneously  in  cases  of  glanders,  it  gives 
rise  to  an  inflammatory  reaction  at  the  seat  of  the  disease.  In  doubt- 
ful cases,  mallein  is  therefore  injected  as  an  aid  to  diagnosis,  as  it  has 
practically  no  effect  when  injected  into  sound  animals. 


RHINOSCLiEROiyiA. 

This  rare  disease,  which  presents  some  j)oints  of  resemblance  to 
the  foregoing,  consists  in  the  formation  of  hard,  sharply  defined  masses 
in  the  skin  or  mucous  membrane  near  the  anterior  nares,  subsequently 
.spreading  to  the  lips,  gums,  nasal  cavities,  and  thence  to  tile  jjalate. 
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Later  on,  the  pharynx  and  glottis  may  be  involved,  thus  becoming 
both  rigid  and  narrowed.  Similar  changes  have  been  described  in 
the  external  auditory  canals.  The  growtli  has  never  been  known  to 
generalise,  and  for  years  the  health  remains  unaffected.  When  the 
disease  is  not  interfered  with,  extension  is  slow  but  continuous. 
Recurrence  has  mvariably  and  rapidly  followed  even  apparently  com- 
plete removal. 

The  masses  round  the  nostril  are  like  keloid  or  hypertrophic  scars. 
They  are  light  or  dark  brownish-red  in  colour,  and  here  and  there 
smooth  and  fissured.  The  skin  around  is  quite  normal.  There  is  little 
or  no  tendency  to  ulceration. 

Microscopically,  there  is  found  dense  infiltration  of  the  corium 
with  small  round  cells  lying  in  a  fibrillated  stroma.  Many  of  the  cells 
are  spindle-shaped,  and  a  few  may  be  epithelioid,  but  large  cell-forms 
are  the  exception.  The  growth  is  moderately  vascular  and  presents  no 
tendency  to  fatty  degeneration.  Cornil  describes  some  of  the  cells 
as  containing  "  hyaline  masses,"  which  may  also  be  present  in  the 
tissue. 

.STIOLOGY. — The  disease  is  regarded  as  infective  on  account 
of  its  morbid  anatomy,  coupled  with  the  constant  presence  of  a 
bacillus  (Frisch).  The  bacilli  are  short  and  thick,  ovoid,  or  even 
round,  and  two  are  often  bound  together  in  a  capsule.  The  organism 
has  been  cultivated  :  it  grows  rapidly  at  97°  to  100°  F.  Inoculations 
with  cultures  or  with  pieces  of  the  growth  have  been  made  in  the 
noses  of  dogs,  but  have  always  failed.  According  to  Mibelli,  the 
hyaline  masses"  consist  of  the  "shed"  capsules  of  the  organisms. 
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This  disease  consists  in  the  formation  of  small  sarcoma-like  tumours 
or  abscesses,  due  to  the  gi-owth  of  a  peculiar  fungus — the  actinomijces. 
The  commonest  seats  are  the  lung  and  liver,  but  the  fungus  may  be 
found  in  any  part.  It  is  more  commonly  met  with  in  the  lower  animals 
than  in  man.    In  cattle  the  disease  most  often  affects  the  jaws. 

APPEARANCES. — Onsection,the  tumours  have  an  openspongy 
appearance,  and  a  puriform  or  caseous  fluid  can  be  squeezed  from  them. 
Besides  fatty  cells,  this  fluid  contains  many  pale  yellow  granules,  just 
large  enough  to  be  visible  to  the  naked  eye.  These,  when  gently 
squeezed  and  cleared  up  by  potash,  are  seen  to  consist  of  filaments 
radiating  from  a  common  centre,  and  bearing  at  their  free  ends  club- 
shaped  swellings  (Fig.  2\;y).  .The  filaments  are  often  branched 
(Fig.  215a)  and  frequently  calcified.    Threads  and  spherical  bodies  are 


■188 


INFECTIVE  DISEASES 


found  less  frequently.  The  nodules  and  abscesses  also  contain  gran- 
ulation-tissue, intersected  here  and  there  by  bands  of  fibrous  tissue. 


tongue  of  the  ox.    Two  masses 

of  club-shaped  radiating  filaments  '^'G.  2is.\.  —A  ctiiiomycesTiominis,  showing 
are  seen,    x  250.  true  branching,   x  1000. 


Fig.  216. — Actinomycosis  of  llic  Liver.  .\  large  sponge-likc  area  forms 
the  centre  of  the  specimen.  This  consists  of  dense  fibrous  trabecul.T; 
enclosing  small  roundish  spaces,  filled  up,  in  the  recent  state,  with 
granulation-tissue  and  pus.  The  pus  which  escaped  contained  the 
minute  yellow  granules  described  in  the  te.\t.    Natural  size. 

In  the  older  specimens  there  are  found,  round  each  fungus,  the  usual 
signs  of  a  clironic  inflammation  caused  by  a  slight,  constant  irritant 
(p.  159).  The  structure  of  the  parasite  is  best  seen  wlien  stained  by 
Gram's  method  (p.  278). 
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ETIOLOGY.  —  The  fungus  may  enter  by  one  of  three 
channels. 

1.  The  Mouth. — Through  a  carious  tooth  or  extraction-wound 
the  fungus  reaches  the  interior  of  the  jaw.  It  then  grows  and  bursts 
through  the  outer  jilate,  and  gives  rise  to  an  abscess  in  the  glands  or 
in  the  connective-tissue  of  the  neck.  It  is  pi-obable  that  infection 
may  also  take  place  through  the  follicles  of  the  tonsil  in  tonsillitis^  or 
of  the  pharj'nx  in  pharyngitis  {prevertebral  abscess). 

2.  The  Respiratory  Passages. — When  the  fungus  is  inhaled, 
bronchial  catarrh  is  set  up,  and  the  parasite  may  be  found  in  the 
sputum.  It  next  gains  access  to  the  alveolar  walls  and  there  gives  rise 
to  nodular  foci.  These  develop  into  suppurating  or  caseous  centres, 
which  bear  a  sujjerficial  resemblance  to  the  caseous  broncho-pneumonia 
of  phthisis,  but  differ  from  it  in  being  shut  oft'  from  the  healthy  lung  by 
a  layer  of  healthy  granulation-tissue,  sometimes  surrounded  by  dense 
fibrous  tissue.  The  cavities  may  rapidly  coalesce,  with  symptoms 
like  those  of  phthisis,  though  marked  haemoptysis  is  uncommon. 
Then,  adhesions  having  formed  over  the  diseased  area,  the  fungus 
spreads  to  the  posterior  mediastinum,  through  the  diaphragm  into  the 
])eritoneum,  liver,  or  spleen,  or  into  the  anterior  mediastinum  and 
pericardium.  In  this  way  the  disease  may  give  rise  to  peritonitis, 
abscess  of  liver  or  spleen,  or  jjericarditis.  Lastly,  some  of  these 
abscesses,  after  much  burrowing,  may  find  their  way  to  the  surface  of 
the  chest-wall.  It  is  noteworthy  that,  though  the  actinomyces  aftects 
the  lungs  from  above  down,  like  the  tubercle-bacillus,  it  leaves  the 
apex — above  the  clavicle — uninvolved.  The  pleura  and  lung  may 
occasionally  be  infected  secondarily  from  the  posterior  mediasti- 
num. In  these  cases  the  oesophagus  is  probably  the  source  of  infec- 
tion. This  disease,  in  its  progress,  may  give  rise  to  ordinary  serous  or 
purulent  inflammations  in  which  no  trace  of  the  actinomyces  can  be 
discovered. 

3.  The  Intestine. — The  intestine  may  be  affected  jirimarily  from 
within,  or,  secondarily,  by  embolism  or  by  extension  from  other  organs. 
The  primary  form  may  lead  merely  to  catarrh,  but  generally  gives  rise 
to  nodular  foci  in  the  mucous  and  submucous  tissues,  which  break 
down  into  ulcers  with  undermined  edges.  Perforation  into  the  peri- 
toneum, into  other  hollow  viscera,  or  through  the  abdominal  wall  may 
result. 

In  many  cases  the  channel  of  infection  remains  doubtful. 

In  exceptional  cases  actinomycotic  embolism  may  lead  to  scattered 
■abscesses  accompanied  by  symptoms  of  pytemia.  Secondary  foci  may 
occur  anywhere.  Ponfick  has  seen  a  granulation-mass  growing  into  the 
jugular  vein  in  a  case  in  which  there  were  growths  in  the  right  auricle 
and  ventricle. 

For  some  time  all  attempts  to  cultivate  the  organism  failed.  This 
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failure  has  been  attributed  to  tlie  fact  that  only  the  club  forms  were 
used,  and  that  tliese  are  a  degenerate  form  and  incapable  of  cultiva- 
tion. If  the  threads  be  taken,  greyish  crinkled  colonies  develoj)  in 
about  four  weeks.  The  colonies  thus  obtained  consist  of  lliveads  and 
spheres  (from  transverse  division  of  the  threads),  but  no  cluhs.  Inocu- 
lation of  the  cultures  gives  rise  to  the  characteristic  lesions,  including 
the  jjresence  of  both  the  dub  and  thread  forms  of  the  parasite.  The 
exact  botanical  position  of  the  fungus  has  not  yet  been  determined. 

There  is  no  reliable  evidence  that  the  disease  can  be  acquired  by 
direct  infection  from  diseased  meat.  The  history  of  an  epidemic  in 
Iceland  suggests  that  the  bristles  from  ears  of  barley  and  other  cereals 
in  penetrating  the  mucous  membrane  of  the  mouth  and  pharynx  may 
give  rise  to  the  disease,  though  it  is  not  yet  proved  that  the  parasite  can 
flourish  in  the  ears  of  cereals. 

Madura  Foot  or  Mycetoma. 

In  certain  parts  of  India  the  feet  of  the  natives  are  liable  to  a 
peculiar  swelling  ;  "  tubercles  "  form  beneath  the  skin,  burst,  and  leave 
sinuses  from  which  bodies,  like  those  constituting  the  roe  of  a  fish,  are 
discharged,  or,  more  rarely,  bodies  like  grains  of  gunpowder.  In  the 
latter,  fungous  elements  have  been  recognised,  and  called  Chionyphe 
Caiien.  These  are  believed  by  some  to  be  the  cause  of  both  classes  of 
the  disease.  On  section  through  a  diseased  part,  masses  of  the  above 
bodies  are  seen,  especially  in  the  fatty  subcutaneous  tissue  ;  the  masses 
may  have  no  obvious  communication  with  each  other  or  with  the 
surface.  The  botanical  position  of  the  fmigi  found  is  doubtful. 
Kanthack  considered  the  disease  a  form  of  actinomycosis ;  Boyce  and 
Surveyor  acknowledge  the  similarity,  but  not  the  identity,  of  the  two. 


CHAPTER  XI. 

DISEASES  OF  SPECIAL  TISSUES  AND  ORGANS. 
I.  DISEASES  OF  THE  CONNECTIVE  TISSUES. 
Inflammation  of  the  Cornea. 

Senftleben's  experiments  have  shown  that  injury  of  the  coniea 
pi'oduces  none  of  the  vascular  signs  of  inflammation  unless  the 
mai-ginal  vessels  are  afl^ected,  or  unless  leucocytes  are  admitted  from 
the  conjunctival  sac  (p.  144).  Anteriorly  and  posteriorly  the  cornea 
is  limited  by  membranes  suHiciently  stout  to  resist  the  pjussage  of 
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leucocytes ;  but,  in  severe  inflammation,  leucocytes  and  fluid  exuda- 
tion from  the  vessels  enter  freely  from  the  margin,  passing  along  the 
lymph-channels  in  which  the  cells  and  nerves  lie.  The  leucocytes 
thus  accumulate  in  clusters  around  the  corneal  cells.  Such  exudation 
is  accomj^anied  by  softening  and  ojiacity  of  the  corneal  structure,  and 
may  lead  to  alteration  in  its  curvature.  This  happens  in  vascular 
Lemtitis  and  in  the  interstitial  inflammation  of  congenital  syphilis. 
When  a  slight  proliferative  inflammation  occurs  beneath  the  roughened 
epithelium  as  a  consequence  of  the  irritation  of  granular  lids,  the 
condition  is  known  as  pannus.  Pus,  forming  between  the  layers  of  the 
cornea,  constitutes  onyx  ;  and  ulcers  are  common.  Healing  in  all  such 
cases  is  by  scar-tissue,  and  some  opacity  and  a  more  or  less  altered 
corneal  curve  are  thereby  produced.  In  the  most  intense  forms  of 
purulent  conjunctivitis  the  injury  to  the  cornea  may  be  so  great  that 
it  undergoes  necrosis  en  masse. 


Inflammation  of  Cartilage. 

In  the  most  acute  inflammations  of  joints  the  cartilage  may  slough 
oi  masse,  like  the  cornea,  from  injury  and  lack  of  nourishment.  It 


Fig.  217. — Section,  of  Inflamed  Cartilage,  a,  the  normal  cartilage-cells  ; 
b,  the  same  enlarged  ;  d,  multiplication  of  cells  within  their  capsules  ; 
e,  eroding  layer  of  granulation-tissue,  with  (c)  vessels.  Some  of  ihe  cells 
are  probably  invading  leucocytes,    x  250.    (Cornil  and  Ranvier. ) 

then  either  peels  off"  in  flakes,  or  softens  and  wears  away  at  points 
of  pressure.  In  less  acute  cases  it  may  be  invaded  by  leucocytes 
from  the  joint-cavity  or  from  the  bone  (p.  369).  Enlargement  and 
multiplication  of  cartilage-cells  may  often  be  seen,  as  well  as  the 
accumulation  of  leucocytes  (Fig.  217).  In  a  joint  with  inflamed 
cartilages  the  effused  fluid  is  always  tiu'bid  from  degenerating 
leucocytes  and  the  resulting  debris — thus  diff'ering  from  that  of  serous 
synovitis ;  and  not  infrequently  the  exudation  becomes  purulent. 
Healing  takes  place  by  the  formation  of  scar-tissue  from  the  new  cells. 
Short,  extremely  strong  and  wide  adhesions  often  bind  the  surfaces 
together,  producingyt7;/o/<.y  ankijlosis.  If  the  bone  is  involved,  some  or 
all  of  the  adhesions  will  ossify — bony  ankylosis. 
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Chronic  Rheumatoid  Arthritis  (Arthritis  deformans). 

Altliougli  tliis  disease  may  oceasionally  occur  in  young  or  niiddie- 
aged  persons,  it  is  most  frequent  in  the  declining  period  of  life,  and  is 
generally  regarded  as  a  senile  change. 

The  disease  is  characterised  by  degeneration  and  atropiiy  of 
certain  of  the  articular  cartilages  as  well  as  by  overgrowths  from 
the  margins  of  these  cartilages  and  from  the  synovial  membrane. 

The  first  change  observed  in  the  cartilage  is  fibrillation  of  the 
matrix,  followed  by  softening  and  erosion.  The  centre  of  the  cartilage 
may  be  quite  worn  away  and  the  bone  beneath  hardened  and  highly 
polished  (^eburnatioii).  The  outgrowths  from  the  margins  of  the 
articular  cartilages  are  subject  to  considerable  variation  in  size.  Some- 
times they  ossify  and  cause  distinct  limitation  of  the  movements  of 
the  joint;  sometimes  they  are  so  slight  that  no  obvious  deformity 
occurs.  From  the  synovial  membrane  a  large  number  of  small  fibrous 
nodules  develojj.  The  bands  connecting  these  to  the  membrane  may 
occasionally  become  obliterated,  and  the  small  fibrous  masses  persist 
as  loose  bodies  in  the  joint.  The  actual  cause  of  these  outgrowths  is 
unknown.     Possibly  they  are  due  to  a  proliferative  inflammation. 

The  chronic  changes  which  occur  in  joints,  as  the  result  of  con- 
tinued rheumatism,  differ  from  the  foregoing  in  so  far  as  the  cartilage 
becomes  fibrous  and  not  eroded,  while  no  outgrowths  occur  from  their 
margins  and  but  little  from  the  synovial  fringes. 

Gouty  Arthritis. 

In  this  disease  acicular  crystals  of  sodium  biurate  ai-e  deposited  in 
both  matrix  and  cells  of  the  articular  cartilages,  each  successive  deposit 
being  accompanied  by  an  acute  but  evanescent  inflammation  of  the  joint. 
The  cartilages  become  opaque,  irregularly  eroded,  and  here  and  there 
thickened  (p.  60). 

The  deposits  may  take  place  so  frequently  and  thi-oughout  so  large 
an  area,  that  cartilages,  capsules,  ligaments,  bones,  and  surrounding 
tissues  become  completely  infiltrated,  giving  rise  to  white  mortar-like 
masses  and  considerable  deformity.  The  distended  and  infiltrated  skin 
over  them  is  very  liable  to  ulceration.  The  metatarso-phalangeal 
joint  of  the  great  toe  is  most  frequently  affected,  but  the  other 
joints  of  the  foot,  and  the  small  joints  of  the  hand,  are  all  very  liable 
to  the  change. 

No  complete  explanation  of  these  changes  can  be  given.  The 
immediate  cause  is  the  conversion  of  sodium  quadriurate,  a  fairly  soluble 
salt,  contained  in  the  blood  and  lymjjh,  into  sodium  biurate,  a  very 
insoluble   salt,   which   is  rapidly   deposited.     According  to  many 
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uithorities  this  is  especially  likely  to  oc  cur  when  the  amount  of  quad- 
l  iurate  in  tlie  blood  becomes  increased,  owing  to  defective  secretion  by 
tlie  kidneys. 

Inflammation  of  Periosteum. 

Inflammation  of  bone  always  originates  in  its  vascular  structures— 
the  j)eriosteum  and  medulla.  Although  the  term  penostitix  only  implies 
that  the  periosteum  is  inflamed,  the  adjacent  layers  of  the  bo7ie  are 
always  involved.  When  the  inflammation  chiefly  affects  the  medulla 
and  other  soft  parts  lying  in  the  Haversian  canals  or  cancellous  spaces, 
the  condition  is  called  osteitis;  but  when  the  medulla  in  the  canal  of 
a  long  bone  is  most  markedly  involved,  the  term  mijelitis  is  employed. 
Inflammation  is  never  strictly  limited  to  either  of  these  parts;  hence 
the  term  osleoinyelilis. 

Periostitis  may  be  conveniently  divided  into  three  varieties :  serous, 
jirolij'eralire,  and  sujypurative. 

1.  Serous  periostitis  is  rare,  and  is  the  mildest  form  of  infective 
inflammation  of  the  part.    The  exudation  is  highly  albuminous. 

2.  Proliferative  periostitis  is  common  as  a  result  of  injury 
and  of  syjihilis.  A  projecting  node  is  formed  of  proliferated  cells 
from  the  deeper  layer  of  the  periosteum,  as  well  as  of  emigrated 
leucocytes.  These  cells  may  disappear,  or  may,  as  in  other  cases,  be 
-ucceeded  by  fibrous  tissue.  This  may  ossify  :  it  very  rarely  breaks 
down.  Ossification  begins  in  that  part  of  the  new  tissue  which  is  in 
contact  with  the  surface  of  the  bone.  The  vessels  entering  the 
Haversian  canals  in  the  latter  ai'e,  on  account  of  the  elevation  of  the 
j)eriosteum,  more  or  less  vertical  to  the  surface ;  hence  the  new 
Haversian  canals  have  the  same  direction.  These  new  canals  are  at  first 
well  defined  and  easily  separable  from  the  old,  but  both  ultimately 
become  blended.  The  periosteum  of  bones  lying  just  beneath  the 
^kin  is  especially  liable  to  proliferative  inflammatoiy  changes.  Inflam- 
matory enlargement  of  a  bone  is  always  due  to  periostitis. 

3.  Suppurative  periostitis  is  generally  a  part  of  the  infec- 
tive disease  known  as  acute  necrosis  or  osteomi/elitis.  This  disease  is 
iiften  associated  with  injury.  It  affects  growing  bones,  and  rarely, 
il  ever,  occurs  after  union  of  the  epijohj'ses.  It  is  believed  that  in 
most  cases  pyogenic  organisms  lodge  in  the  wide  capillai-ies  of  the 
shaft,  close  to  the  epiphysial  disc,  and  excite  sujjpuration.  This 
spreads  outwards  along  the  disc  and  then  beneath  the  periosteum. 
Sometimes  the  organisms  may  affect  the  j)eriosteum  primarily.  In 
both  cases,  pus,  forming  beneath  the  periosteum,  rapidly  separates  it 
from  the  bone.  The  vessels  passing  inwards  from  the  periosteum  are 
tluis  greatly  stretched,  and  this,  together  with  the  primary  damage  to 
the  vessels,  induces  thrombosis  iji  many  of  them.  Hence  super/icia/ 
necrosis  is  the  usual  result;  but  if  the  medulla  also  has  suppurated. 
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the  necrosis  will  be  lolal — i.e.,  will  involve  the  whole  thickness  of  the 
shaft.  Pyaemiii  may  occur  if  the  abscess  is  left  unopened  ;  and  this  is 
the  condition  in  which  infective  fat-embolism  is  mcjst  likely  to  occur. 
In  septic  osteomyelitis,  following  operations  in  which  the  medullary 
cavity  has  been  opened,  a  diffuse  sup))urative  inflammation  attacks  the 
medulla  and,  to  u  less  extent,  the  i)eriosteum,  causes  total  necrosis  of 
large  portions  of  bone,  and  very  frequently  producers  a  fatal  result  from 
pyaemia  (p.  328). 

Inflammation  of  Bone. 

Osteitis  \H  generally  divided  into  two  principal  varieties:  {\)  larc- 
fj/ing  osteitis  or  caries,  and  (2)  condensing  osteitis  or  sclerosis. 

1.  Rarefying  Osteitis  (Caries).  —  In  the  mildest  form  the 
occurrence  of  granulation-tissue  is  the  first  change  observed.  This 
occurs  much  oftener  in  cancellous  (vertebrae,  tarsus,  carpus,  epiphyses 
of  long  bones)  than  in  compact  bone.  A  round-celled  infiltration  takes 
place  in  the  medulla  and  presses  into  the  Haversian  canals;  the  fat- 
cells  and  the  hard  substance  of  the  bone  disappear  before  it — cancellous 
trabeculae  are  eaten  through  and  Haversian  canals  widened.  A  section 
shows  spaces  crowded  with  cells,  often  developing  here  and  there  into 
fibrous  tissue.  On  the  surface  of  the  bone,  bordering  these  spaces, 
are  seen  semilunar  erosions,  as  if  small  bites  had,  been  taken  out  of  it. 
These  are  called  Howship's  lacunae.  Each  contains  leucocytes  and 
epithelioid  cells,  and  often  a  giant-cell.  The  giant-cells  erode  the 
bone.  The  normal  bone-corpuscles  remain  unchanged  so  long  as  they 
are  distinguishable.  This  process  may  be  described  as  an  ulceration 
or  caries  of  bone  without  formation  of  pus  (caries  sicca).  Nothing  is 
more  natural  than  that  a  bone  thus  weakened  should  yield  to  pressure  ; 
thus  the  bodies  of  vertebraj  may  almost  disappear,  those  above  and 
below  becoming  approximated  (Pott's  disease)  ;  while  the  shafts  of  long 
bones  bend,  as  is  seen  in  osteitis  deformans  and  other  diffuse  inflam- 
mations. The  inflammatory  tissue  may  pursue  any  of  the  courses 
mentioned  on  pp.  159  ct  seq. 

In  a  very  early  case  absorption  of  the  inflammatory  exudation  may 
occur,  and  regeneration  make  good  any  loss  of  bony  tissue  which  has 
taken  place  ;  but  when  marked  destruction  of  bone  has  occurred, 
healing  can  only  be  effected  by  the  formation  and  ossification  of  scar- 
tissue.  This  occurs  in  cases  of  healed  spinal  curvature  without 
abscess.  Too  often,  however,  the  cells  degenerate,  and  a  cold  absce.is 
results  (p.  160).  When  this  is  opened,  the  ulcerating,  caiiom  surface 
of  bone  is  exposed.  If  healing  occur,  it  is  by  the  i)rocess  just 
described.  Caries  resulting  in  cold  abscess  is  generally  a  manifestation 
of  tuberculosis.    It  is  sometimes  due  to  syphilis. 

If  the  infiltrating  granulation-tissue  degenerate  (p.  368),  death  of 
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the  infiltrated  bone  ensues:  the  pieces  which  come  away  are  generally 
of  small  size — caries  necroticn. 

2.  Condensing  Osteitis  (Sclerosis). — In  -  the  most  chronic 
forms  of  osteitis  no  rarefaction  of  bone  occurs  ;  the  new  growth  sIom  I}' 
ossifies  and  the  Haversian  canals  and  cancellous  spaces  diminish. 
The  bone  consequently  becomes  extremely  heavy  and  ivory-like  ;  it  is 
ifcnei-ally  thickened  irregularly  from  coincident  periostitis.  Syphilis 
is  the  commonest  cause  of  this  change,  especially  in  the  long  bones 
and  in  the  bones  of  the  skull.  It  is  said  that  simple  closure  of  a  large 
number  of  Haversian  canals  may  lead  to  death  of  the  affected  bone. 
In  svphilitic  necrosis  of  the  skull  the  sequestrum  is  often  very  dense  ; 
it  has  probably  been  killed  by  degeneration  and  death  of  the  inflam- 
matory products  in  the  bone  around  the  sclerosed  patch,  with  the 
c  onsequent  destruction  of  the  few  vessels  which  entered  it. 

Nothing  is  commoner,  than  to  find  rarefying  and  condensing 
osteitis  combined.  Osteoplastic  periostitis  and  condensing  osteitis 
frequently  exist  around  carious  patches :  the  surrounding  bone  is 
thus  rendered  thicker  and  denser.  It  may  be  that  this  less  acute 
inflammatory  process  is  coupled  with  true  hyperplasia  of  the  bonj^ 
tissue. 

Necrosis  of  Bone. 

It  has  already  been  shown  that  death  of  bone  may  follow,  in 
several  ways,  different  forms  of  inflammation,  each  leading,  however, 
to  destruction  of  vessels  and  arrest  of  nutrition. 

This  result  may  be  brought  about  by  any  bijunj  which  strips  off  the 
periosteum  and  breaks  up  the  medulla ;  but  the  extreme  rai-ity  of 
necrosis,  even  in  the  most  serious  simple  fracture,  shows  that  injury 
alone,  Avith  such  inflammation  as  it  excites,  is  scarcely  to  be  regarded 
as  a  sufficient  cause.  It  may,  however,  act  indirectly  by  preparing  a 
nidus  for  pyogenic  and  other  infective  organisms,  as  in  compound 
fractures.  Such  intense  irritants  so  diminish  the  vitality  that  more 
or  less  extensive  thrombosis,  with  death  of  the  jjarts,  ensues. 

Suppuratioti,  beneath  the  periosteum  and  in  the  medulla,  is  the 
commonest  cause  of  necrosis.  This  result  is  more  often  produced  in 
compact  than  in  cancellous  tissue,  owing  to  the  greater  ease  with 
which  the  exudation  can  compress  the  vessels  in  the  smaller  and  less 
numerous  channels  of  the  harder  tissue.  In  rarefying  and  condensing 
osteitis,  death  of  the  infiltration  may  produce  necrosis  more  gradually. 

The  piece  of  dead  bone  is  called  a  xeqneslrimi.  :  it  is  cast  off"  by  a 
process  of  caries.  It  may  be  total — involving  the  whole  thickness — 
snpctficial,  or  centra/ — the  last  being  much  the  rarest. 

Considerable  difficulty  is  often  experienced  in  the  removal  of  tlie 
sequestrum,  esj)ecially  if  it  be  deeply  seated.  This  difliculty  is  occa- 
sionally     central  necrosix)  due  to  the  persistence  of  a  layer  of  the  old 
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bone  enclosing  tlie  necrosed  portion.  Much  more  frequently,  how- 
ever, it  is  owing  to  the  jjurticiijatioii  of  the  jjeriosteuni  in  the  inflam- 
matory process.  The  inflamed  periosteum  produces  new  bone,  and 
the  bony  capsule  (involucruvi)  thus  formed  encloses  the  sequestrum. 
Openings  (c/oacw)  exist  in  tliis  cajwule  leading  to  the  dead  l)one,  and 
through  these  openings  tlie  inflannnatory  jjroducts  are  discliarged. 
When  the  .  sequestrum  is  quite  superficial  its  removal  is,  of  course, 
more  readily  effected. 

Mollities  Ossium. 

Mollities  ossium,  or  Osteomalacia,  is  a  rare  disease,  occurring  only 
ni  adults,  and  especially  in  i)regnant  women  who  have  borne  many 
children.  It  is  characterised  by  jn-ogressive  decalcification  of  the 
bones,  whilst  the  marrow  increases  steadily  and  becomes  converted 
into  a  vascular  round-celled  structure.  All  bone  is  gradually  absorbed, 
except  a  thin  layer  beneath  the  periosteum ;  so  that  in  extreme  cases 
the  bones  become  mere  shells.  They  are  very  light,  easily  cut  with  a 
knife,  and  bend  or  break  readily.  Early  in  the  disease  fractures  may 
still  unite.  On  section,  in  early  stages,  the  cancellous  spaces  and 
Haversian  canals  are  enlarged  and  full  of  a  reddish,  gelatinous  sub- 
stance, which  at  a  later  period  may  become  yellow  and  fatty. 

The  nature  of  the  disease  is  obscure.  The  pelvic  deformity  is 
of  chief  importance  :  the  sacrum  is  pushed  downwards  by  the  weight 
of  the  body,  and  the  acetabula  ujnvards  and  inwards  b}'  the  resistance 
of  the  femora,  thus  greatly  shortening  the  two  oblique  diameters 
(p.  400). 

Lactic  acid  has  been  found  in  the  bone — the  reaction  of  which 
is  said  to  be  acid — and  in  the  urine.  The  latter  usually  contains 
excess  of  calcium  salts  which  have  been  removed  from  the  bone  and 
excreted. 


Rickets. 

This  disease  of  children  is  so  fi'equent  in  the  large  towns  of  England 
that  it  has  acquii-ed  on  the  Continent  the  name  of  the  "  English 
disease."  It  appears  to  be  caused  by  defective  hygienic  conditions, 
especially  by  bad  air  and  im])roper  feeding.  It  is  jiarticularly  common 
in  children  brought  uj)  by  hand.  It  may  probably  be  said  that  all 
conditions  which  materially  interfere  with  the  nutrition  of  a  child  aid 
in  the  .cau.sation  of  rickets;  among  these,  the  absence  oi  fresh  food 
ranks  highest.  Diets  deficient  in  fats  or  in  carbohydrates  seem 
.sometimes  to  be  sufficient  causes. 

The  disease  is  mainly  c  haracterised  by  changes  afl^ecting  the  growing 
])arts  of  bones,  and  is  therefore  most  marked  where  growth  is  most 
active — viz.,  at  the  epiphyses  and  under  the  periosteum  of  long  bones, 


  " 
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and  at  the  margins  of  flat  bones.  These  changes  produce  undue 
thickness  and  softness,  which,  in  their  turn,  lead  to  projections  and 
curves,  according  to  the  direction  and  degree  of  pressure  on  the 
softened  bones.  The  b'one-lesions  are  accompanied  by  sj^ptoms  of 
i>eneral  ill-health,  and  often  by  enlargement  of  the  liver,  spleen,  and,^ 
less  often,  of  the  kidneys  and  lym])hatic  glands,  due  chiefly  to  inci-ease 
of  their  interstitial  connective-tissue. 

The  essential  changes  in  the  bones  are  (1)  an  excessive  absorption 
of  pre-existing  bony  tissue,  and  (2)  an  extensive  formation  of  osteoid 
tissue  (p.  93),  which  very  gradually  and  very  imperfectly  undergoes 
c  alcification.    It  will  be  remembered  that  if  a  section  of  the  end  of  a 

.A.  B 

Fig.  218. — Grooving  Ends  of  (A)  Rickety  and  (B)  A^ormal  Jiibs.  B  is 
tiiken  from  an  older  child  and  is  therefore  larger  (see  text),  b,  rib  ; 
c,  costal  cartilage ;  d,  transition  zone,     x  3. 

healthy  growing  long  bone  be  examined,  a  straight  line  is  seen  where 
the  white  epiphysial  cartilage  is  adherent  to  the  shaft  (Fig.  218), 
which  here  consists  of  loose  cancellous  tissue,  with  spaces  filled  with 
red  marrow.  Between  the  bone  and  the  epiphysis  is  a  blue,  semi- 
translucent  band  about  one  millimetre  broad  with  practically  straight 
margins.  Microscopically,  the  blue  line  is  found  to  consist  of  the  one 
or  two  layers  of  cartilage-cells  which  normally  multiply  and  enlarge, 
forming  the  well-known  oval  groups  among  which  ossification  jiroceeds. 
The  septa  between  these  gi'oups  become  very  thin  and,  in  the  imme- 
diate neighbourhood  of  the  shaft,  undergo  calcification.  A  sudden 
transition  from  the  cartilage-cells  to  those  of  the  vascular  red  marrow 
is  seen  in  these  spaces.  As  soon  as  these  spaces  (primari/  areola')  with 
calcified  walls  become  occupied  by  the  round-celled  marrow,  absorption 
begins,  and  adjacent  spaces  open  into  each  other  and  form  the  larger 
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.secoiidan/  areola;.  On  the  walls  of  these,  laminae  of  bone  are  dejiosited, 
including  osteoblasts  in  the  laeunic  between  them  ;  and  thus  Haversian 
systems  are  gradually  developed.  The  calcified  eartilage-matrix  is 
darker  and  more  granular  than  the  bone  laid  down  by  the  medulla 
which  gradually  replaces  it. 

In  a  rickety  bone  the  blue  transition-zone  is  at  least  ten  times 
wider  than  normal,  affecting  many  rows  of  cartilage-cells ;  while  its 
outlines,  both  towards  the  bone  and  towards  the  cartilage,  are  verv 
irregular  (Fig.  218).  The  calcification  of  the  matrix  occurs  without 
any  regularity.  In  the  cartilage,  among  the  long  rows  of  proliferated 
cells,  will  be  found  spaces  which  arise  as  outgrowths  from  the  medulla 
and  contain  vessels  and  medullary  tissue.  Just  reaching,  and  partly 
surrounding  these  are  thick  irregular  trabeculae  of  osteoid  tissue,  which 
enclose  masses  of  cartilage,  here  and  there  calcified,  and  of  medulla. 
The  trabeculae  are  thickest  and  most  extensive  on  the  medullary  side 
of  the  proliferating  cartilage-cells.  In  the  central  parts  of  some  of 
the  thickest  trabeculae  small  patches  of  true  bone  ma)'  be  seen.  A 
few  of  the  cartilage-cells  may  become  converted  into  marrow  cells,  as 
in  normal  ossification  ;  but  a  large  number  are  converted  directly, 
without  any  rupture  of  their  capsules,  into  the  cells  of  the  osteoid 
tissue  (Fig.  219). 

In  flat  bones  the  process  begins  by  a  very  marked  absorption  of  the 
already  formed  bony  trabeculae.  Upon  the  I'emnants  of  the  old  bone, 
as  well  as  in  the  spaces  between  them,  osteoid  tissue  is  deposited  so  as 
to  form  new  trabeculae  in  the  marrow.  The  formation  of  the  osteoid 
tissue  is  preceded  by  a  spindle-celled  embryonic  tissue.  Beneath  the 
])eriosteum  osteoblasts  form  and  osteogenic  fibres  appear.  From  these, 
osteoid  tissue  is  formed.  In  general  terms  the  growth  of  osteoid  tissue 
in  the  medulla  may  be  said  to  resemble  the  formation  of  internal 
callus,  while  that  deposited  from  the  periosteum  similarly  resembles 
external  callus  (Ziegler). 

Bones  consisting  of  soft  rickety  structure  yield  more  or  less 
readily  under  pressure,  or  break  under  slight  violence.  The  fracture, 
however,  is  generally  incomplete.  As  bending  occurs,  a  buttress  of 
bone  is  deposited  along  the  concave  side  of  the  curve.  This  is  often 
seen  in  the  femur  and  tibia,  giving  the  bones  a  flat,  somewhat  razor- 
like appearance.  The  position  and  extent  of  the  curving  will  depend 
to  some  extent  upon  the  relative  proportion  which  the  changes  at  the 
e])iphyses  bear  to  those  beneath  the  periosteum. 

These  changes  aflxjrd  a  ready  explanation  of  (l)  the  thickening  of 
e])iphyses,  (2)  the  displacements  which  occur  about  the  junction  of 
shafts  with  epiphyses,  (3)  the  thickenings  of  tiie  edges,  and  the 
irregularities  on  the  surface,  of  cranial  bones,  and  (4)  the  abnonnal 
curvature  of  bones  under  pressure — all  of  which  are  common  jihenomena 
in  rickets. 


—  b' 

  b 


I- 1';.  iKj.— Growing  End  of  Rickety  Rib.  a,  cartilage  ;  b,  b' ,  b" .  vascular 
nicdullaryspaccs  within  cartilage  ;  c,d,  proliferating  cartilage-cells ;  e, 
calcified  cartilage ;/,  vascular  channels ;  g,  trabecul.x-  of  osteoid  tissue ; 
//,  vfiscular  medulla ;  / ,  true  ossification  occurring  in  osteoid  traljcculw. 
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'I'he  process  just  clescril)ed  seems  to  be  injurious  to  the  subsequent 
growth  of  the  epipliyses.  They  often  join  the  shafts  jirematurely,  and 
thus  cause  permanent  sliortening  of  the  bones. 

Among  the  most  important  of  the  deformities  resulting  from  this 
disease  is  the  rickety  pelvis.  There  are  two  forms.  The  first  shows 
shortening  o  f  Ike.  a>itero-])o.sl(;rwr  diavieler  only,  and  occurs  in  cases  in 
which  the  child,  being  unable  to  walk,  is  kept  lying  down.  The 
second  resembles  the  o.sleomalac'w  peliix,  both  in  its  shape  and  in  the 
mechanism  of  its  production,  for  it  occurs  in  children  who  are  able  to 
walk  about  (p.  396).  In  a  rickety  thorax,  the  growing  anterior 
ends  of  the  i-ibs  are  softened  and  much  enlarged,  especially  on  the 
visceral  side.  The  sojlening  leads  to  a  sinking  in  of  the  softened  parts 
and  to  a  corresponding  pushing  forwards  of  the  sternum  ;  while  the 
enlai-gemejits  produce  a  row  of  nodules  on  each  side  of  the  thorax, 
diverging  from  above  downwai'ds  {rickety  romnj). 


II.  DISEASES  OF  LYMPHATIC  GLANDS. 
Inflammation. 

Examples  of  acute  inflammation  of  lymphatic  glands  (acute 
h/mphadenitis)  are  furnished  by  the  inflammation  of  the  axillary  glands 
which  may  follow  a  wound  on  the  hand ;  of  the  inguinal  glands,  in  a 
case  of  soft  chancre  ;  and  of  the  lymphoid  follicles  of  the  intestine  in 
inflammation  of  the  intestinal  mucous  membrane. 

Acute  inflammation  of  lymphatic  glands  is  generally  due  to  the 
action  of  bacteria  or  their  toxin  es  conveyed  from  a  primary  focus  of 
inflammation  (diphtheritic,  erj^sipelatous,  scarlatinal,  chancrous,  &c.). 
A  gland  affected  by  acute  inflammation  becomes  intensely  vascular, 
and  the  seat  of  free  exudation.  The  escaping  leucocytes  accumulate 
in  its  tissues  and  sinuses,  until  all  distinction  between  medulla  and 
cortex  has  disappeared,  while  the  gland  is  swollen  and  its  substance 
is  soft,  pulpy,  and  often  dotted  with  haemorrhages.  Leucocytes  in  the 
lymph  coming  from  the  primary  focus  are  also  detained  in  the  gland. 

Upon  the  removal  of  the  injurious  influence,  the  j^rocess  may 
gradually  subside,  and  the  new  elements  undergo  disintegration  and 
absorption,  the  gland  gradually  returning  to  its  nonnal  condition 
(resolution). 

In  other  cases  the  process  may  be  more  intense  and  go  on  to  sup- 
puration. Scattered  areas  may  necrose,  trabecida?  be  destroyed,  many 
of  the  cells  become  disintegrated,  and  the  loculi  of  the  gland  become 
filled  with  pus.  This  is  usually  associated  Avith  inflannnation  and 
suppuration  of  the  surrounding  connective-tissue.  In  the  glands  of 
a  mucous  membrane  the  process  gives  rise  to  what  is  known  as  a 
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tollicidar  abscess  (p.  40-1').  In  still  more  acute  cases  the  exudation  maj- 
be  largely  htemorrhagic. 

Chronic  inflammation  of  lymphatic  glands  results  from  the 
presence  of  irritants  which,  while  less  severe,  are  more  prolonged  in 
their  action  than  those  which  give  rise  to  the  acute  form.  The  com- 
monest infective  causes  are  tuberculosis 
and  syphilis,  and  the  commonest  non- 
infective  cause  is  the  presence  of 
dust,  and  especially  particles  of  carbon. 
The  lymphadenitis  due  to  tuberculosis 
or  syphilis  is  marked  by  increase  in  the 
number  of  cells,  followed  by  fatty  de- 
generation and  caseation.  The  gland 
may  be  enlarged  to  many  times  its 
natural  size.  In  some  cases  the  reticu- 
lated network  becomes  thickerand  more 
fibrous,  its  meshes  becoming  smaller 
and  smaller ;  the  lymph-cells  diminish 
in  number ;  and  the  gland  becomes 
hard  and  fibrous  (Fig.  220).  Probably  in  these  chronic  cases  the  cells 
of  the  gland-substance  and  the  flat  connective-tissue  cells  covering 
the  trabeculse  multiply,  and  assist  in  forming  the  new  cells.  Fatty 
patches  are  frequent  in  such  glands.  In  lymphadenitis  due  to  the 
presence  of  dust  the  thickening  of  the  reticular  network  is  the  principal 
change.    This  may  also  form  the  final  stage  of  aaite  lymphadenitis. 


Fig.  220. — Chronic  Injlammation  of 
a  Lymphatic  Gland.  Showing  the 
increase  in  the  stroma,  and  the 
diminution  in  the  number  of  the 
lymphoid  cells,     x  200. 


Fig.  221. — Section  through  a  Pi'st-nasal  Adenoid  Crowth.  a.  soft  Ivni- 
phoid  tissue  with  extremely  little  stroma;  b,  //,  lymphoid  follicles, 
cells  more  closely  aggregated.  70. 

2  c- 
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Post-nasal  "Adenoids.'* 

Masses  of  adenoid  growtli  not  infrequently  develop  from  tiie  rool 
and  posterior  surface  of  the  naso-pharynx  in  weakly  children.  These 
masses  consist  of  ordinary  soft  lymphoid  tissue  with  the  cells  here  and 
there  more  closely  aggregated  into  follicles  (Fig.  221).  The  growths 
are  covered  by  ciliated  epithelium.  They  interfere  with  the  passage 
of  air  through  the  nose^  and  often  block  the  orifices  of  the  Eustachian 
tubes.    In  a  few  instances  they  show  tubercular  changes. 

Hodgkin's  Disease  (Lymphadenoma). 

This  disease  is  characterised  by  the  enlargement  of  the  lymphatic- 
glands  and  lymphoid  tissue  in  various  parts  of  the  body,  together  with 
the  development  of  lymphatic  growths  in  internal  organs,  especially 
in  the  spleen,  and  by  a  progressive  diminution  in  the  number  of  the 
red  corf)uscles  in  the  blood. 

The  larger  lymphatic  glands  are  usually  the  earliest  seats  of  the 
growth.  At  first  only  a  single  group  of  glands  may  be  enlarged  : 
subsequently,  however,  the  process  becomes  more  general,  and  the 
glands  throughout  the  whole  body  may  be  more  or  less  invohed. 
The  gi'oups  of  glands  most  often  affected  are,  in  the  order  of  fre- 
quency, the  cervical,  the  axillary,  the  inguinal,  the  retro-peritoneal, 
the  bronchial,  the  mediastinal,  and  the  mesenteric.  The  growth,  which 
in  the  earlier  stages  is  limited  to  the  glands,  gradually  breaks  through 
the  capsules,  so  that  the  enlarged  glands  ultimately  become  confluent, 
and  form  large  lobulated  masses  ;  but  the  agglomeration  of  glands  in 
Hodgkin's  disease  is  generally  a  later  and  less  prominent  feature  than 
in  tuberculosis  of  lymphatic  glands.  The  gro\vth  may  also  extend 
still  further  beyond  the  confines  of  the  gland  and  invade  and  infiltrate 
the  adjacent  structures. 

This  new  growth  of  lymphatic  tissue,  which  commences  in  and 
•often  extends  beyond  the  confines  of  the  lymphatic  glands,  is  ultimately 
followed  by  the  formation  of  lymphoid  growths  in  various  internal 
organs  wherever  lymphoid  tissue  exists,  but  more  especially  in  the 
spleen,  which  is  affected  in  a  large  j^roportion  of  cases.  Here  the  new 
growth  originates  in  the  Malpighian  bodies,  and  so  gives  rise  to 
disseminated  nodules.  These  vaiy  in  size  from  minute  ])oints  to 
masses  as  large  as  a  hazel-nut  or  walnut.  They  are  usually  more  or 
less  irregular  in  shape,  of  a  greyish  or  yellowish-white  colour,  firmer  in 
.consistence  than  the  splenic  tissue,  and  not  encapsuled.  In  addition 
to  these,  wedge-shajjed  infarctions  surrounded  by  a  zone  of  hyijenemia 
are  sometimes  met  with,  similar  to  those  which  are  often  seen  in 
leucocythsemia.    The  sjileen  itself  is  generally  somewiiat  increased  in 
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size,  and  its  capsule  is  usually  thickened,  and  often  adherent  to 
adjacent  organs.  In  quite  exceptional  cases  the  spleen  is  not  the 
St  at  of  these  disseminated  growths,  but  is  simply  enlarged,  like  the 
leucocythaemic  spleen. 

The  liver,  kidneys,  alimentary  canal,  medulla  of  bone,  lungs,  and 
subcutaneous  tissue  may  all  become  involved,  the  new  growths 
occurring  either  as  nodules  of  various  sizes  scattered  through  the 
organs,  or  in  a  more  infiltrating  form,  like  many  of  those  met  with 
in  leucocythsemia. 

In  their  structure  these  growths  present  at  first  no  striking 
differences  fi-om  ordinary  lymphatic  glands.  The  various  parts  of 
these  are  clearly  i-ecognisable,  though  the  number  of  lymphocytes 
in  the  reticulum  is  much  increased.  Later  on  the  septa  appear  split 
up,  while  the  interstices  thus  formed  are  filled  with  leucocytes.  In 
old  cases  the  glands  may  be  entirely  fibrous.  The  lymphoid  masses 
present  differences  in  the  relative  proportions  of  cells  and  stroma.  The 
richly  cellular  forms  are  soft  and  pulpy,  whilst  those  in  which  the 
stroma  is  more  abundant  are  firmer  and  more  fibrous  in  consistence 
(Fig.  220).  Retrogressive  changes  are  infrequent.  There  is  rarely 
any  notable  increase  in  the  number  of  leucocytes  in  the  blood. 

The  pathology  of  the  disease  is  undoubtedly  obscure.  The  deve- 
lopment of  the  new-growths  cannot  in  most  cases  be  regarded  as 
the  result  of  infection,  though  one  instance  is  recorded  in  which  an 
assistant,  shortly  after  being  concerned  in  the  clinical  investigation  of 
a  case,  developed  the  disease  in  a  very  acute  form.  The  disease 
occurs  in  many  of  the  lower  animals.  A  bacillus  has  been  credited 
with  the  production  of  the  disease,  but  further  evidence  is  necessary 
before  this  theory  of  causation  can  be  accepted. 


III.  DISEASES  OF  MUCOUS  MEMBRANES. 

There  is  sufficient  similarity  between  the  diseases  of  the  various 
mucous  membranes  to  justify  a  general  consideration  of  their 
characters. 

Inflammation. 

It  is  convenient  to  distinguish  certain  varieties  of  inflammation  of 
mucous  membranes  according  to  the  degree  of  damage  to  the  tissues, 
the  depth  to  which  it  extends,  and  the  general  character  of  the 
exudation.  In  each  of  these  varieties  the  usual  changes  in  the  blood- 
stream and  vessel-walls  occur  (]).  14,5),  leucocytes  and  fluid  escaping 
into  the  tissues  and  on  to  the  surface  of  the  membrane.  The  two 
main  varieties  into  which  inflammation  of  mucous  membranes  may 
thus  be  divided  are  (1)  catarrhal,  in  which  the  exudation  remains 
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fluid  :  and  (2)  Jibrinoux,  in  whicli  it  coagulates,  forming  the  so-calk-d 
J'alxc  membrane  on  the  surface. 

Catarrhal  Inflammation.^ — In  this  form  the  exudation  mav  be 
serous,  mucous,  muco-purulcnt,  or  purulent,  according  to  the  natun- 
and  intensity  of  the  irritant. 

Serous  Catarrh. — In  acute  cases  the  earliest  signs  of  simj)]t- 
inflammation  (p.  l67)  are  rajiidly  followed  by  a  copious  waterv 
exudation  from  the  surface,  and  the  tenderness  and  ))ain  are  soon 
relieved.  When  the  onset  is  less  acute,  the  early  changes  are  less 
marked,  the  exudation  being  usually  the  first  thing  noted.  These 
changes  are  frequently  met  with  in  ordinary  nasal  catarrh. 

Mucous  Catarrh  is  characterised  by  increased  jiroduction  of  mucus 
derived  from  the  surface-epithelium  or  secreted  by  the  mucous  glands 
(Fig.  222).  The  mucus  escapes  with  the  serous  exudation,  or  remain- 
moi-e  or  less  adhei'ent  to  the  surface,  as  is  often  seen  in  chronic 
pharyngitis.  Sometimes  the  sero-mucous  discharge  is  practically 
clear ;  at  others,  it  is  more  or  less  opaque :  in  the  former  case,  it 
contains  only  a  few  cells :  in.  the  latter,  a  large  number.  The  cells 
are  either  escaped  leucocytes  or  desquamated  epithelial  elements, 
detached,  for  the  most  part  singly. 

Purulent  Catarrh. — If  the  irritation  be  more  intense  and  give  rise 
to  a  proteol3'tic  ferment,  the  number  of  leucocytes  escaping  will  be 
still  greater,  and  the  secretion  will  be  purulent  or  muco-purulent.  In 
.such  cases  the  epithelium  is  often  detached  in  considerable  masses, 
and  the  underlying  tissue  markedly  infiltrated  with  leucocytes.  Tlu- 
basement-membrane  is  cedematous  and  the  w'hole  mucosa  swollen. 
All  lijmphoid  structures  in  the  mucous  membrane  are  generallj'  afl^ected. 
The  lymph -follicles  swell,  their  contents  soften,  and  minute  abscesses 
are  formed :  the  latter  burst  and  leave  the  small  ulcers  (  follicular 
ulcers)  so  often  seen  in  severe  catarrh  of  the  intestines  and  j)harynx. 
The  ulceration  in  some  cases  extends  beyond  the  confines  of  the 
follicle.  Not  infrequently  the  proper  glandular  structures  also  become 
involved,  and  their  ducts  may  become  choked  with  the  products  of 
their  altered  secretion. 

The  acute  process  may  quickly  subside,  or  it  may  become  chronic. 
In  the  former  case  the  damaged  epithelium  is  soon  replaced,  the 
repair  often  beginning  before  the  vascular  changes  have  disaj)])eared. 
In  the  latter  case  (chronic  catarrh)  the  hyperaemia  diminishes,  but  the 
escape  of  leucocytes  and  the  multijilication  and  desquamation  of 
ei)ithelia}  cells  continue,  while  the  sub-epithelial  tissue  remains 
extensively  infiltrated  with  leucocytes.  Later  on,  the  epithelium  and 
the  glands  may  undergo  atrophy,  while  the  sub-epithelial  connective- 
tissue  may  become  more  and  more  extensively  infiltrated  with  small 
cells,  leading  ultimately  to   marked  inflammatory  fibrosis.  When 
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^tretchinsj-  of  tlie  mucous  membnine  accompanies  atrophy  of  the 
U'lands,  as  in  chi-onic  catari-h  and  dilatation  of  the  stomach,  the 
membrane  is  often  much  thinner  than  normal.  The  changes  in  the 
-iib-epithelial  connective-tissue  are  usually  accompanied  by  enlarge- 
ment of  the  lymphoid  structures — an  enlargement  which  sometimes 
'/iven  to  the  membrane  a  nodular  or  granular  appearance.    This  is 


Fig.  222. — Recent  Catarrhal  Bronchitis,  a,  ciliated  cells;  flj,  deep 
layers  of  cells ;  d,  goblet- cells  ;  c,  cells  that  have  undergone  extreme 
mucoid  change ;  Cj,  mucoid  cells  whose  nuclei  have  undergone  a 
similar  change;  d,  desquamated  mucoid  cells;  e,  desquamated 
ciliated  cells ;  /,  deposit  consisting  of  mucus-droplets,  and,  f^,  of 
mucus-filaments  and  pus-corpuscles  ;  e.xcretory  duct  of  a  mucous 
gland  filled  with  mucus  and  cells  ;  /i,  desquamated  epithelium  of  the 
excretory  duct  ;  i,  persistent  epithelium  of  the  duct ;  k,  swollen 
hyaline  basement-membrane ;  /,  connective-tissue  of  the  mucoia 
somewhat  infiltrated  with  cells ;  m,  distended  blood-vessels ;  n, 
mucous  glands  filled  with  mucus  ;  ?/],  acini  of  mucous  gland  v/ithout 
mucus  ;  o,  migratory  cells  in  the  epithelium  ;  cellular  infiltration 
of  the  connective-tissue  of  the  mucous  glands,     x  120.    (Ziegler. ) 

well  seen  in  the  jjharynx  (^Jollicular  pharijngitis).  The  enlarged 
lymphoid  structures  may  ulcerate,  and  the  muscular  and  elastic 
tissues,  although  they  lie  some  distance  from  the  surface,  may  be  so 
far  weakened  that  when  considerable  pressure  is  put  upon  them — as 
by  the  cough  of  chronic  bronchitis — they  may  give  way,  and  permit 
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dilatation  of  the  tubes  tliey  siirroimd.  The  museularis  mucosae  wlieii 
damaged  is  ne\er  eomplctely  repaired.  After  death  any  liypcra'niia 
Jjresent  rapidly  disajipearSj  and  is  seldom  recognisable  even  in  severe 
cases :  the  mucous  membrane  may  even  look  paler  than  natural ;  but, 
after  repeated  inflammation  of  any  intensity,  more  or  less  dark-grev 
pigmentation  from  extravasated  blood  will,  in  most  situations,  bear 
evidence  of  the  former  attacks.  These  apjjearances  can  readily  bi- 
seen  in  a  chronically  inflamed  bladder  such  as  is  associated  with 
stricture  of  tiie  urethra,  or  enlai-ged  prostate. 

Etiology. — The  causes  of  catarrhal  inflammation  are  (l)  changes  in 
the  composition  of  the  contents  of  the  cavities  or  tubes  lined  by  mucous 
membranes  ;  and  (2)  the  presence  and  growth  of  bacteria  and  other 
2)arasites. 

As  examples  of  the  first  of  these  causes  may  be  quoted  the  produc- 
tion (l)  of  bronchitis  by  metallic  particles  in  the  respired  air ;  (2)  of 
gastric  catarrh  by  the  action  of  alcohol ;  and  (3)  intestinal  catarrh  from 
the  passage  of  irritating  ingesta.  As  examples  of  the  second  grou]) 
may  be  quoted  the  catarrh  of  the  large  intestine  due  to  the  presence  of 
thread-worms,  and  the  urethral  catarrh  caused  by  the  introduction  and 
growth  of  gonococci. 

The  two  causes  above  mentioned  may  frequently  be  combined. 
They  are  probably  assisted  to  some  extent  by  exposure  to  cold,  as  in 
intestinal  catarrh,  and  by  certain  abnormalities  in  the  circulatorj'  blood 
such  as  are  believed  to  exist  in  gout. 

Fibrinous  Inflammation. — This  term  is  applied  to  those 
inflammations  of  mucous  membranes  and  open  wounds  which  are 
chai-acterised  by  the  production  of  a  fibrinous  layer  or  so-called  false 
membrane — such  as  is  seen  in  diphtheria.  On  mucous  surfaces  tlu- 
exudation  ma}^  exist  in  little  patches  or  may  cover  a  large  area.  It  i- 
usuallj-  of  a  yellowish  or  greyish-white  colour,  and  its  consistency  v  aries 
from  a  firm  and  tough  membrane  to  a  soft,  pultaceous  material ;  it  may 
be  deeplj'  blood-stained.  It  is  more  or  less  easily  separable  from  the 
subjacent  tissue,  and  when  removed  carries  at  least  the  surface-e])ithe- 
lium  with  it.  In  thickness  it  may  vary  considerably  in  different  ])arts. 
The  two  words — croupous  and  dip/i  the  ride — are  often  used  as  sjnionymous, 
but  in  this  classification  they  will  be  employed  to  denote  two  degrees 
of  fibrinous  inflammation  of  mucous  membranes.  An  inflammation  is 
called  croupotm  when  the  membrane  involves  no  more  than  the  epH/ic- 
liinn  of  a  mucous  membrane,  and  diphtherilic  when  it  involves  the  whole 
mucosa.  This  difference  in  the  dei)th  of  the  tissues  involved  is  probably 
due  to  variation  in  the  intensity  of  the  irritant,  the  extent  of  the  fahr 
membrane  in  di]5htheritic  inflammation  being  due  to  the  coagulation- 
necrosis  (p.  18)  of  the  involved  mucous  membrane.  The  term  diphlhe- 
rilic  does  not  im])ly  any  necessary  connection  with  diphlheria,  although 
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this  disease  undoubtedly  furnishes  the  best  examples  of  diphtheritic 
inflammation.  According  to  Cohnheim,  the  jn'ocess  is  more  likely  to 
be  superficial  in  those  situations  where  a  distinct  basement-membrane 
exists — as  in  the  j)harynx  and  respiratory  tract — than  in  those  where 
this  is  not  the  case — as  in  the  intestines  and  conjunctiva. 

The  two  kinds  of  false  membrane  differ  in  their  characters.  The 
croupous  is  supei'ficialj  and  easilj^  stripped  off.  It  consists  of  several 
layers  of  fibrin  containing  in  their  meshes  leucocytes,  desquamated 
epithelial  cells,  and  debris  ;  and  lies  on  the  surface  of  the  hyperaemic 
mucous  membrane  which  is  denuded  of  its  epithelium,  and  infiltrated 
with  leucocytes.  The  diphtheritic  membrane  is  sepai'ated  with 
difficulty.  Superficially,  it  closely  resembles  the  croupous  membi'ane, 
but  the  deeper  parts  consist  of  necrosed  tissue.  In  advancing  cases 
there  is  no  sharp  line  between  the  coagulated  and  living  tissue- 
elements. 

jJitiology. — The  apparent  causes  are  veiy  varied.  P'alse  mem- 
branes are  found  (l)  on  the  tonsils,  larynx,  and  other  parts  in  true 
diphtheria  and  other  acute  specific  diseases,  or  as  a  result  of  scalds  or 
of  the  application  of  caustic  chemicals  ;  (2)  in  the  bladder  after 
]wrturition  (when  a  complete  cast  may  be  expelled),  and  in  the  most 
acute  cystitis ;  (3)  in  the  vermiform  aj)pendix,  sometimes  from  the 
irritation  of  a  concretion  ;  (4)  in  the  lower  part  of  the  large  intestine 
in  dysentery ;  and  (5)  as  a  chronic  change  in  the  air-tubes  in  plastic 
bronchitis.  It  may  be  noted  here  that  false  membranes  sometimes 
form  upon  granulating  wounds,  and  it  is  held  by  some  that  there  is  no 
real  distinction  between  such  cases  and  those  of  true  diphtheria  of 
wounds  and  of  hospital  gangrene.  It  seems  most  probable,  however, 
that  there  is  an  aetiological  difference,  for  false  membrane  on  granula- 
tions may  be  induced  by  merely  blistering  the  surface. 

Although  the  above  facts  show  that  false  membranes  may  result 
from  the  action  of  simple  irritants,  the  great  majority  met  with  in 
man  are  due  to  the  action  of  pathogenic  organisms,  for  most  of  them 
are  contagious  and  organisms  are  found  in  almost  all  cases.  The 
SEtiology  of  diphtheria  has  already  been  considered  (p.  307). 

Effects. — The  effects  of  inflammation  of  mucous  membranes, 
whether  catarrhal  or  fibrinous,  depend  very  largely  upon  the  size  and 
function  of  the  tubes  or  cavities  involved.  Acute  catarrh  generally 
gives  rise  to  pain  and  to  spasm  of  the  involuntary  muscular  tissue,  as  is 
seen  in  the  intestinal  catarrh  of  children.  When  the  tubes  affected 
are  small,  obstruction  to  the  passage  of  the  secretions  which  they 
convey  may  lead  to  serious  results.  Thus  catarrh  of  the  small  bronchial 
tubes  or  diphtheritic  inflammation  in  the  larynx  and  trachea  may  so 
obstruct  the  entrance  of  air  that  the  oxygenation  of  the  blood  is 
gravely  interfered  with,  while  catarrh  of  the  bile-ducts  may  similarly 
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l)revent  tlie  bile  reacliing  the  intestine  and  lead  to  jaundice  (j).  6G). 
WIi  en  much  inflammatory  fibrosis  lias  occurred,  marked  irregularity  or 
narrowing  (xlridiirc)  of  the  hnnen  of  the  affected  tube  may  result. 
The  best  illustration  of  this  termination  is  seen  in  the  result  of 
repeated  attacks  of  gonoi-rhcea.  In  this  disease  the  purulent  catarrh 
of  the  urethi'a  is  often  followed  by  so  much  proliferative  inflammation 
of  the  submucous  tissue  that  the  lumen  of  the  tube  is  almost 
occluded.  In  structures  of  less  importance,  if  the  occlusion  is  com- 
plete, retention-cysts  may  be  formed  by  distension  behind  the  stricture 
(p.  138).  When  the  obstruction  is  permanent  but  not  entire,  hyjjer- 
trojjhy  of  the  muscular  walls  above  the  stricture  is  usually  found 
(p.  142). 

Gastric  Ulcer. 

It  occasionally  happens  that  the  nutrition  of  some  small  area  of 
the  wall  of  the  stomach  is  interfered  with,  either  by  some  local  dis- 
turbance in  its  blood-supply  or  by  some  injury  to  its  mucous  surface. 
Wlien  this  occurs  the  gastric-juice,  especially  if  its  acidity  be  in- 
creased, acts  upon  the  damaged  or  necrosed  area  and  rapidly  produces 
an  ulcer.  Such  lesions  may  be  found  both  in  the  stomach  and  in  the 
upper  part  of  the  duodenum,  but  are  commonest  near  the  pyloric  end 
of  the  lesser  curvature  of  the  former  organ. 

When  seen  in  their  most  acute  stage  these  ulcers  are  generally  less 
than  an  inch  in  diameter.  The  inflammatory  changes  in  the  walls  of 
the  ulcer  are  so  slight  that  the  latter  are  not  appreciably  thickened. 
The  ulcer  varies  in  depth :  in  some  cases  it  only  reaches  the  sub- 
mucous tissue  ;  in  others  it  may  penetrate  the  muscular  and  even  the 
peritoneal  coat  as  well.  In  the  latter  case  the  aperture  in  each  coat 
is  smaller  than  that  in  the  coat  immediately  above  it,  so  that  the  hole 
or  ulcer  has  a  funnel-shaped  or  shelved  appearance  when  seen  from 
the  interior  of  the  organ  (Fig.  223).  When  the  process  of  formation 
is  more  gradual,  this  shelved  appearance  is  lost  and  some  sliglit 
thickening  of  the  walls  is  visible.  Any  organ  adjacent  to  the  ulcerated 
j)art  of  the  stomach — e.g.,  pancreas  or  liver — may  become  adherent  and 
the  ulceration  may  extend  into  its  substance,  so  that  it  may  form  tlie 
floor  of  the  ulcer.  The  longer  the  ulcer  has  existed  the  less  typical 
are  its  appearances ;  when  some  weeks  or  months  have  elapsed,  its 
outline  becomes  irregular,  its  walls  thickened,  its  floor  roughened,  and 
its  extent  often  considerably  increased. 

Healing  may  occur  by  regenerative  ])roliferation  of  the  adjacent 
undamaged  tissues.  In  this  process  even  the  glands  may  to  some 
extent  be  reproduced  ;  but  some  puckering  always  remains  as  a  result 
of  the  inflammatory  repair,  and  the  muscular  layers  are  rarely,  if  e\  cr, 
regenerated.  In  the  course  of  such  an  ulcer,  esijccially  of  the  acute 
variety,  two  accidents  are  very  liable  to  occur.    The  first  ol  these  ts 
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severe  hwmorrhage.  When  it  is  remembered  that  the  principal  vessels 
supi)lying  the  walls  of  the  stomach  lie  in  the  submucous  tissue,  it  is 
,  easy  to  understand  how  readily  one  of  these  main  trunks  may  be  laid 
j  open  bv  the  necrotic  process  just  described.  The  second  accident  is 
I  perforation  of  the  wall  of  the  stomach.  In  the  case  of  deep  and  acute 
I     ulceration  the  peritoneal  coat  is  not  infrequently  perforated  before 
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Fig.  223. — Acute  Perforating  Gastric  Ulcer,  a,  perforation  in  perito- 
neum ;  b,  peritoneum  ;  c,  muscular  coat  of  stoniach  ;  d,  mucous 
membrane. 

the  wall  of  the  stomach  has  become  firmly  adherent  to  any  other 
organ.  Copious  or  repeated  haemorrhage  may  give  rise  to  fatal  anaemia 
and  syncope :  perforation  is  almost  invariably  followed  by  acute  sup- 
purative peritonitis. 

Ulceration  of  the  Small  Intestine. 

In  the  small  intestine  the  forms  of  inflammation  which  require 
special  consideration  are  principally  those  in  which  the  lymphoid 
tissue  is  mainly  involved.  Some  inflammatory  swelling  of  Peyer's 
patches  and  the  solitary  glands  occurs  in  diphlhena  and  in  scarlet  fever, 
but  in  neither  of  these  diseases  does  the  lymphoid  tissue  often  undergo 
necrosis,  and  only  rarely,  therefore,  does  ulceration  occur.  On  the 
other  hand,  in  tubercular  infection  of  the  intestine,  ulceration  is  usual ; 
and  in  typhoid  fever,  almost  invariable.  Tubercular  infection  has  already 
been  considered  (p.  .'i64) :  the  lesions  occurring  in  typhoid  fever  will 
now  be  described. 

Tjrphoid  fever  is  an  acute  infective  disease,  generally  attributed 
to  the  action  of  the  Bacillus  typhosus  (p.  .SO.S). 

The  ordinary  duration  of  the  fever  is  three  or  four  weeks,  and  the 
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tem])eratin*e  as  a  i-ule  botli  rises  and  falls  jiradually.  The  most 
characteristic  lesions  are  found  in  the  solitary  and  agnn'nated  follicles 
of  the  intestine,  the  corresponding  lymphatic  glands,  the  spleen,  and 
sometimes  the  red  marrow.  The  inleslinal  lesions  are  the  most  con- 
stant, and  their  various  stages  correspond  so  closely  with  definite 
clinical  conditions,  that  we  can  usually  judge  of  the  state  of  the 
intestine  fi-om  the  symptoms  and  the  day  of  the  disease.  It  is 
generally  believed  that  infection  occurs  from  the  intestine,  and  that 
the  intestinal  lesions  are  points  of  inoculation.  Thence  the  organisms 
spread  to  the  mesenteric  glands,  spleen,  liver,  and  kidneys,  and  are 
occasionally  found  in  the  urine. 

The  pathology  and  morbid  anatomy  of  typhoid  fever  include  other 
conditions  due  (l)  to  the  direct  action  of  the  bacterial  toxines  and 
(2)  to  the  dejiressing  effects  exerted  by  them  upon  the  vitality  of  the 
tissues  generally,  which  are  therefore  more  than  usually  liable  to 
invasion  by  other  bactei'ia,  such  as  pyogenic  cocci  and  pneumococci. 
Thus,  evidence  of  general  poisoning  is  seen  in  the  continued  fever, 
which  may  assume  a  septic  type,  and  even  be  accompanied  by  the 
formation  of  abscesses,  probably  resulting  from  a  mixed  infection. 
Cloudy  swelling  is  found  in  many  organs  (p.  28),  and  the  muscles  are 
also  especially  liable  to  undergo  the  changes  known  as  Zenker's 
degeneration  (p.  48).  Endocarditis  is  rare.  Ulceration  of  the  larynx, 
especially  about  the  epiglottis,  is  occasionally  present,  and  may  lead 
to  oedema  of  the  glottis  or  to  necrosis  of  the  cartilages.  Bronchitis  is 
usual,  and  broncho-pneumonia  may  supervene ;  oedema  of  the  lungs 
is  common  in  fatal  cases  ;  and  lobar  pneumonia  is  a  rather  frequent 
complication  in  some  epidemics. 

The  Intestine. — The  most  characteristic  changes  in  typhoid  fever 
take  place  in  the  solitaiy  glands  and  Peyer's  patches.    In  most  cases 

the  process  is  limited  to  those  in  the 
ileum  and  caecum  ;  and  those  glands 
are  always  most  affected  which  are 
situated  nearest  to  the  ileo-ca;cal  valve. 
The  cfficum  is  involved  in  one-third 
of  the  cases ;  ulcers  may  be  present 
even  in  the  rectum,  but  in  the  great 
majority  of  cases  they  are  not  found 
below  the  ascending  colon.  It  is, 
moreover,  unusual  to  find  ulcers  higher 
than  nine  feet  above  the  valve,  but 
they  may  extend  into  the  ujjper  i)art 
of  the  duodenum,  or  even  be  found  in 
the  stomach.     The  appendix  vermiformis  may  also  be  afft'cted. 

The  first  change  observed  is  a  hypera?mia  and  cell-infiltration  of 
the  glands.     Many  of  the  cells  increase  considerably  in  size,  and 


Fig.  224. — Swc//i/!!f  of  Peyer's  Patches 
and  Solitary  (Slands  of  the  Intestine, 
as  seen  in  typhoid  fever. 
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imiltinucleated  forms  are  especially  common.  Both  Peyer's  patches 
and  the  solitar}-  glands  thus  become  considerably  enlarged  and 
prominent,  and  stand  up,  as  sharply  circumscribed,  evenly  raised 
areas,  above  the  surface  of  the  intestine  (Fig.  224).  Sometimes  they 
slightly  overlaji  the  adjoining  mucous  membrane,  and  are  surrounded 
by  a  hyperajmic  zone.  They  are  of  a  greyish-white  or  jiale-red  colour, 
and  of  a  soft  brain-like  consistence — the  larger  the  size,  the  jjaler  the 
colour.  The  surrounding  mucous  membrane  is  also  hyperaemic,  and  is 
the  seat  of  an  acute  general  catarrh,  which  is  most  pronounced  before 
the  glands  swell.  The  cellular  infiltration,  in  many  parts,  rajiidly 
extends  beyond  the  confines  of  the  glands  into  the  immediately 
surrounding  and  subjacent  tissues,  and  in  some  cases  even  into  the 
nuiscular  and  serous  coats.  Bacilli  can  be  readily  found  during  this 
stage,  which  ends  in  the  first  half  of  the  second  week  of  the  disease. 

The  pi'ocess  now  passes  into  the  second  stage — that  of  the  death 
and  disintegration  of  the  newly  formed  tissue.  Many  of  the  enlarged 
glands  subside,  the  new  elements  become  fatty  and  are  absorbed,  and 
the  inflammation  thus  undergoes  a  gradual  process  of  resolution. 
But  in  other  glands  the  intensit}^  of  the  bacterial  poison  (p.  305) 
causes  death  of  the  inflamed  lymphoid  tissue.  The  necrosed  tissues 
then  separate.  If  a  few  scattered  follicles  in 
each  ijatch  have  alone  been  destroyed,  only 
small  sloughs  will  be  formed ;  and  after  the 
separation  of  these,  the  Peyer's  patches  thus 
affected  will  assume  a  peculiar  reticulated 
appearance.  If,  on  the  other  hand,  as  is  most 
usual,  the  entire  lymphoid  mass  is  killed,  this 
will  separate  as  one  or  more  large  sloughs 
(Fig.  226),  and  the  typical  ulceration  will  be  225- --^  Typhoid  Ulcer 
produced.  Resolution  or  necrosis  begins  during  'Z^^'^^t^^^ 
the  latter  half  of  the  second  week.    In  the 

case  of  necrosis,  the  sloughs  separate  towards  the  end  of  the  third, 
or  during  the  beginning  of  the  fourth  week.  This  is  the  period  of 
danger  in  which  either  severe  haemorrhage,  or  perforation  into  the 
peritoneal  cavity  may  take  place. 

Although,  as  already  stated,  the  cell-infiltration  may  extend  beyond 
the  confines  of  the  glands,  this  is  rarely  the  case  with  the  ulceration. 
The  peripheral  infiltration  undergoes  resolution,  and  hence  the  ulcers 
have  the  same  configuration  as  the  original  glands — those  orijrinatinfl- 
trom  tJie  patches  being  oval,  with  their  long  diameters  in  the  direction 
of  the  gut ;  and  those  originating  in  the  solitary  glands  being  circular 
Ml  shape,  like  those  arising  from  partial  sloughing  of  a  patch.  In  rare 
cases,  when  there  is  much  infiltration  of  the  surrounding  mucous 
membrane,  the  ulceration  may  extend  slightly  beyond  the  confines  of 
the  glands.    An  ulcer  from  a  single  Peyers  patch  may  be  five  indies 


Hii      DISEASES  OF  SPEClyU.  TISSUES  AND  ORGANS 


long,  and  the  blending  of  ulcerated  patches  and  follicles  in  tlie 
neighbourhood  of  the  ileo-ctecal  valve  may  afiect  so  large  an  area, 
that  this  j)art  of  the  intestine  may  seem  to  have  lost  almost  all  its 
mucous  membrane. 


I 


Fig.  226. — A  Pcyer's  Patch  from  a  Case  of  Typhoid  Fever,  in  which 
Death  occurred  at  the  Beginning  of  the  Fourth  Week,  a,  a  small  ulcer 
from  which  the  slough  has  separated,  leaving  a  clean  floor  (muscular 
layer)  and  undermined  edges  ;  1^,  centre  of  Peycr's  patch,  from  which 
slough  is  in  process  of  separation  as  a  single  mass,  being  only 
adherent  at  c. 

With  the  sloughing  and  disintegration  of  the  new  tissue  the  process 
of  infiltration  ceases,  and  hence  there  is  no  mdui'ation  or  thickening  of 
the  base  or  edges  of  the  ulcer.  The  base  is  smooth,  and  is  usually 
formed  of  the  submucous  or  muscular  coat  of  the  intestine.  The 


Fig.  227.— a  Typhoid  Ulcer  of  the 
Intestine  (diagrammatic),  showing 
the  undermined  edges  of  the  ulcer 
and  the  slough  still  adherent.  <?, 
mucous  membrane ;  b,  submucous- 
tissue  ;  c,  muscular  coat ;  d,  peri- 
toneum. 


Fig.  228.— .4  Tubercular  Ulcer  of 
the  Intestine.  ( Diagrammatic. ) 
a,  mucous  membrane;  b,  sub- 
iimcous-tissue ;  c,  muscular  coat ; 
(/,  peritoneum. 


edges  are  usually  thin  and  undennined,  and  consist  of  a  Avell-defined 
fringe  of  congested  mucous  membrane  (Fig.  227).  This  is  best  seen 
when  the  gut  is  floated  in  water.  In  some  cases,  esjjecially  where 
there  is  surrounding  infiltration,  the  edges  are  firm  and  thick.  In 
others,  again,  the  sloughing  is  deejier,  and  extends  through  the  mus- 
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cular  layer  to  the  peritoneum.  Tlie  latter  may  either  slough  or  give 
way  under  some  muscular  effort,  either  of  the  bowel  when  stimulated 
h\  improper  food,  or  of  the  abdominal  muscles  when  the  patient  is 
allowed  to  use  them  strongly.  The  perforation  is  generally  small. 
As  a  rule,  diffuse  peritonids  (purulent)  results :  rarely,  adhesions  form 
and  localise  the  inflammation.  Peritonitis  may  also  occur  by  simple 
extension  from  the  gut,  from  an  inflamed  gland,  or  from  a  splenic 
abscess.  Hannorrhage  may  occur  from  any  vessel  opened  up  during  the 
separation  of  the  slough.  It  is  due  either  to  insufficient  plugging  by 
thrombosis  or  to  mechanical  displacement  of  the  thrombus  after  it  is 
formed. 

The  third  stage  of  the  process  is  that  of  cicatrisation,  which 
usually  begins  in  the  fourth  week.  This  takes  place  by  the  resolution 
of  the  peripheral  infiltration,  the  approximation  of  the  undermined 
edges  and  their  union  with  the  floor  of  the  ulcer,  and  the  gradual 
formation  of  an  epithelial  covering  by  growth  from  the  margin.  The 
gland-structure  is  not  regenerated.  The  resulting  cicatrix  is  slightly 
depressed  and  less  vascular  than  the  surrounding  mucous  membrane. 
It  is  pigmented  either  uniformly,  or  only  round  the  margin.  There 
is  no  puckering  or  diminution  in  the  calibre  of  the  gut.  In  some 
cases,  however,  cicatrisatioji  does  not  take  place  so  readily,  and  the 
floor  of  the  ulcer  becomes  the  seat  of  a  secondanj  and  more  extensive 
ulceration.  This  may  take  place  after  the  general  disease  has  run  its 
course,  or  during  a  relapse.  Profuse  haemorrhage  and  perforation  are 
common  results  of  secondary  ulceration.  Only  one  ulcer  may  be 
affected  by  this  secondary  process,  the  rest  having  either  healed  or 
being  in  a  fair  way  to  become  so. 

Comparison  between  Typhoid  and  Tubercular  Ulcera- 
tion.— From  the  foregoing  descriptions  of  typhoid  and  tubercular 
(p.  365)  ulceration  of  the  intestine,  it  will  be  noted  that  these  twa 
conditions  have  one  important  chai'acter  in  common — viz.,  the  uni- 
formity with  which  both  arise  in  the  lipnphoid  tissue.  Hence  in  both 
cases  the  ulcers  are  most  marked  in  the  ileum  opposite  the  mesenteric 
attachment,  and  may  be  limited  to  the  Peyer's  patches  and  the 
solitary'  glands.  There  are,  however,  two  characters  possessed  by 
tubercular  ulcers  which  generally  suffice  to  distinguish  them  from 
typhoid  ulcers.  The  first  is  the  much  greater  tendency  of  tuberculosis 
to  spread  by  means  of  the  vessels,  and  the  second  is  the  presence  of 
outlying  tubercles  which  invariably  precede  the  advance  of  the  ulcera- 
tion. Thus,  the  typhoid  ulcei-,  remaining  limited  to  a  Peyer's  patch, 
has  its  long  axis  parallel  to  that  of  the  intestine.  On  the  other  hand, 
the  tubercular  ulcer,  often  spreading  transversely  along  the  vessels 
before  it  has  involved  more  than  half  the  patch,  has  its  long  axis  at 
light  angles  to  that  of  the  intestine,  round  which  it  may  form  a  band. 
Again,  as  the  slough  separates,  the  floor  of  the  typhoid  ulcer  tends  to- 
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become  cleanei-  and  smootlier,  and  its  edges  thinner  and  more  under- 
mined. On  the  otiier  hand,  the  floor,  base,  edges,  and  adjacent  peri- 
toneum are,  in  the  case  of  the  tubercular  ulcer,  always  thick 
and  irregular  from  the  presence  of  developing  and  degenerating 
tubercles  (Figs.  227,  228). 

The  Spleen. — In  the  spleen,  the  change  resembles  that  whicli 
ordinarily  occurs  in  acute  febrile  diseases,  although  it  reaches  its 
maximum  in  typhoid  fever ;  but  it  may  be  absent,  esj)ecially  in  older 
patients.  The  splenic  vessels  are  greatly  distended  and  the  pulp  is 
crowded  with  corpuscles.  The  spleen  is  consequently  enlarged,  often 
attaining  two  or  three  times  its  natural  size.  Its  consistence  is  fairly 
firm  during  the  first  week,  but  softer  in  the  second  and  third.  On 
section,  the  organ  is  at  first  dark  red  and  opaque-looking ;  a  week 
later  the  Malpighian  bodies  are  often  prominent  and  enlarged. 
Clumps  of  typhoid-bacilli  are  found  in  the  spleen  but  no  local  tissue- 
reaction  is  discoverable  in  the  neighbourhood.  Necrotic  areas  some- 
what resembling  anaemic  infarcts,  but  not  confined  to  the  cortex,  are 
occasionally  found.  These  are  probably  due  to  circulatory  disturbances 
and  not  to  the  direct  action  of  the  bacilli,  for  in  the  latter  case  signs 
of  local  inflammation  would  be  present.  Large  corpuscles,  containing 
two  or  three  normal  or  altered  red  corpuscles,  may  be  numerous,  and 
similar  cells  have  been  found  in  the  blood.  As  the  fever  subsides 
(fourth  week),  the  hyperaemia  diminishes,  and  some  fibrous  over- 
growth occui'S  ;  otherwise  the  organ  regains  its  normal  characters  and 
dimensions. 

The  Mesenteric  Glands. — The  change  in  the  mesenteric  glands 
is  probably  secondary  to  that  in  the  intestine.  These  glands  become 
the  seat  of  an  acute  cellular  infiltration,  and  are  enlarged,  soft,  and 
vascular.  Usually,  as  in  the  spleen  and  many  of  the  glands  in  the 
intestine,  the  inflammation  gradually  subsides.  In  rai-e  cases, 
however,  the  capsule  of  the  gland  is  destroyed,  and  the  softened 
matters  may  escape  into  the  peritoneal  cavity  and  so  cause  peritonitis. 
The  enlarged  glands  may  also  become  caseous  and  subsequently 
calcified. 

The  Marrow. — Ponfkk  has  shown  that  in  typhoid  fever  the 
marrow  of  bones,  like  the  splenic  pulp,  may  contain  large  cells,  in 
which  may  be  as  many  as  twenty-five  red  corpuscles :  these  break 
down,  and  in  the  convalescent  stage  the  large  cells  only  contain 
j)igment. 

Inflammation  of  the  Appendix  Vermiformis. 

The  vermiform  ajjjjendage  is  subject  to  the  same  morbid  conditions 
as  the  rest  of  the  intestines.  Catarrhal  inflammation  of  the 
mucous  membrane  is  a  common  affection  :  if  mild  it  may  give  rise  to 
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no  serious  trouble ;  if  acutej  it  may  s])read  to  the  muscular  and  serous 
coats  of  the  organ  {(ippcndicitis),  and  thus  give  rise  to  local  or  general 
peritonitis.  Other  results  of  catarrh  are  blocking  of  the  orifice  of  the 
appendix  communicating  with  the  ceecum  and  the  formation  of  con- 
cretions within  its  cavity,  (l)  When  the  orifice  of  the  appendix  is 
blocked,  owing  to  swelling  of  the  mucous  membrane  or  to  actual 
stricture  due  to  cicatrisation  of  an  ulcer,  mucous  secretion  accumulates 
behind  the  obstruction  and  distemion  of  the  organ  results.  Under  these 
circumstances,  as  in  cases  of  strangulation  of  a  portion  of  intestine, 
the  Bacillus  coli  communis,  normally  present,  may  develop  increased 
virulence,  and  may  pass  through  the  wall  of  the  distended  appendix, 
reaching  the  serous  surface  and  setting  up  peritonitis  in  the  neigh- 
bourhood (^perihjphlilis).  (2)  Concretions  may  form  within  the 
lumen  of  the  appendix  by  deposit  of  earthy  salts  around  a  nucleus 
of  desquamated  epithelium  or  inspissated  mucus.  These  concretions 
may  closely  resemble  foi'eign  bodies,  such  as  grape-  or  date-stones.  In 
very  rai'e  instances  actual  foreign  bodies  (pins,  bristles)  may  lodge  in 
the  appendix ;  fiscal  material  may  also  accumulate  there  and  be 
moulded  to  the  shape  of  the  cavity.  As  a  result  of  catarrh  or  of 
irritation  by  concretions,  ulcers  may  foi'm  in  the  walls  of  the 
appendix  and  perforation  may  occur.  Typhoid  fever,  tubevcidosis 
and,  in  rare  instances,  actinomycosis  may  also  cause  ulceration  of  this 
organ. 

Gangrene  of  the  appendix  may  be  brought  about  by  very  intense 
inflammation  (p.  13),  or  by  cutting  off  of  the  blood-supply,  owing  to 
torsion  of  the  organ  upon  its  long  axis  or  to  acute  kinking  produced 
by  contraction  of  its  mesentery. 

Inflammation  of  the  peritoneum  in  the  neighbom'hood  of  the 
appendix  may  be  of  the  "dry"  type,  leading  to  adhesion  between 
neighbouring  parts,  or  may  result  in  the  formation  of  an  abscess, 
the  walls  of  which  are  formed  by  adjacent  coils  of  intestine  and  the 
abdominal  parietes.  If  the  pus  contained  in  such  an  abscess  be  not 
evacuated  it  may  burst  into  the  caecum  or  any  other  neighbouring 
hollow  organ,  into  the  general  peritoneal  cavity,  or  through  the 
anterior  abdominal  wall.  In  other  cases  the  abscess  may  burrow 
behind  the  ascending  colon  and  reach  the  under,  or  even  the  upper, 
surface  of  the  liver.  In  cases  of  rapid  pei'foration,  or  gangrene  of  the 
appendix,  general  purnlenl  pcrUonitis  may  result,  sufficient  time  not 
being  allowed  for  the  formation  of  adhesions. 

Dysentery. 

The  changes  occurring  in  dysentery  are  practically  limited  to  the 
large  intestine,  and  frequently  do  not  extend  above  the  rectum  and 
descending  colon,  in  which  parts  the  disease  is  always  most  marked. 
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Dysentery  is  a  disease  mainly  eliaraeterised  by  ulceration  and 
sloiighinfr  of  large  areas  of  the  mucous  membrane  of  the  intestine. 

The  local  changes,  however,  vary  cpnsiderably  according  to  the 
intensity  and  stage  of  the  disease.  In  the  mildest  forms  and  earliest 
stages  the  changes  are  most  marked  on  the  summits  of  the  folds  of 
the  mucous  membrane.  These  are  found  covered  with  a  greyish- 
white  layer  of  fibrinous  material  which,  when  scraped  off,  leaves  a 
superficial  loss  of  substance.  The  mucous  membrane,  generally,  is 
liyperaMTiic,  softened,  and  spotted  with  petechitB.  The  submucous 
tissue  also  is  infiltrated  with  leucocytes,  and  the  solitary  glands  are 
enlarged  and  prominent. 

When  the  j)rocess  is  more  severe,  the  submucous  tissue  becomes 
more  extensively  involved,  and  the  superficial  layer  of  fibrinous 
material  extends  over  wider  areas,  implicating  more  deeph-  the 
mucous  membrane.  The  thickening  of  the  intestinal  wall,  however, 
is  much  greater  in  some  parts  than  in  others,  so  that  projections  are 
produced  upon  the  inner  surface  of  the  intestine  corresponding  with 
those  parts  which  are  the  most  affected.  The  enlarged  solitary  glands 
usually  slough,  gi\'ing  rise  to  circular  ulcers,  which  rapidly  increase  in 
size.  By  the  time  the  process  has  reached  this  stage,  the  muscular 
and  serous  coats  have  become  implicated,  the  latter  being  covered 
with  a  layer  of  fibrin  which  forms  adhesions  to  adjacent  parts.  The 
intestine  is  much  dilated,  and  contains  blood  and  disintegrating 
inflammatoi-y  products. 

In  the  most  severe  forms  of  this  disease  the  necrosis  is  still  more 
extensive.  Large  jiortions  of  the  mucous  membrane  are  converted  into 
black  rotten  sloughs,  and  the  submucous  tissue  is  infiltrated  with 
hemorrhagic  exudation  ;  this  is  generally  followed  by  suppuration,  by 
means  of  which  the  necrosed  jjortions  of  tissue  are  removed. 

If  the  inflammatory  process  subsides  before  death  occurs  the  ulcers 
may  gradually  heal.  When  the  loss  of  substance  has  not  been  con- 
siderable the  edges  of  the  ulcers  may,  by  the  contraction  of  the  sub- 
mucous tissue,  become  completely  approximated.  More  commonly, 
however,  the  loss  of  substance  is  so  great  that  large  portions  of  the 
interior  of  the  intestine  are  left  uncovered,  save  by  fibrous  tissue  and 
islets  of  mucous  membrane  (Fig.  229). 

When  the  inflammatory  process  becomes  chronic  tlie  changes  in  the 
submucous  connective-tissue  become  more  marked,  and  the  new  fibroid 
gi-owth  gives  rise  to  considerable  thickening  and  induration  of  tin- 
intestinal  wall,  and  to  contraction  and  narrowing  of  the  lumen.  Some- 
times fibrous  bands  are  formed,  projecting  into  the  gut.  Abscesses 
and  fistulous  jiassages  not  infrequently  occur  in  the  thickened  intestinal 
wall . 

The  ffitiology  of  dysentery  is  imperfectly  known.  By  .some  it  is 
attributed  to  the  presence  of  aiud-ba'  (p.  24fi).  by  others  to  bacteria. 
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Not  improbably  both  these  agencies  are  capable  of  producing  allied,  if 
not  identical,  conditions. 


Fig.  229.  —  Ulceration  of  Descending  Colon  from  a  Case  of  Chronic  Dysen- 
tery, from  a  patient  who  died  of  pyEemic  abscesses  in  the  liver.  The 
submucous  tissue  is  extensively  infiltrated  and  ulcerated,  while  all 
trace  of  the  mucous  membrane  has  disappeared,  a,  ulcerated  sub 
mucous  tissue  ;  b,  circular  muscular  layer  ;  r,  longitvidinal  muscular 
layer;  </,  connective-tissue,     x  12. 

Extensive  ulceration  of  the  colon  is  sometimes  met  with  apart  fi'om 
true  dysentery  {xdceratwe  colitiii).    In  these  cases  the  internal  surface  of 


Fig.  230. — Ulceration  of  I.nrgc  Intestine  in  Chronic  Dysentery,  n,  islets 
of  ulcerated  mucous  membrane  and  thickened  submucous  tissi:e  ;  h, 
muscular  coat  of  intestine  ;  c,  deep  ulcer  exposing  peritoneal  coat. 
Natural  .size. 

the  colon  is  made  uj)  of  sinuous  islets  of  nnicous  membrane,  with 
thickened  submucous  tissue.    These  islets  are  separated  by  large  areas  of 

2  I) 
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exposed  muscular  wall,  from  wiiich  all  trace  of  mucous  membrane  has 
disappeared.    Any  solitary  glands  ])resent  in  the  islets  are  unaffected. 

Tumours  of  the  Stomach  and  Intestines. 

Stomach. — Primary  carcinoma  is  the  only  new-growth  frequently 
found  in  the  stomach.  In  the  male  tile  stomach  is  the  commonest  seat 
of  primary  cancer,  but  in  the  female  both  breast  and  uterus  are  more 
frequently  affected.    The  form  of  cancer  found  varies,  to  some  extent, 


Fig.  2Ti1.— Carcinoma  of  Pyloric  End  of  Stomach,  a,  mucous  mem- 
brane of  stomach  ;  b,  thickened  and  contracted  wall  of  stomach  due 
to  presence  of  new-growth  ;  c,  everted  pyloric  valve  ;  d,  duodenum. 

with  its  i)osition.  At  the  pylorus,  which  is  aflected  in  two-thirds  of 
the  cases,  scirrhus,  encephaloid  or  even  columnar  epithelioma  may  be 
found.  At  the  cardiac  end,  squamous  epithelioma  is  not  infrequent, 
while  all  forms  are  liable  to  undergo  colloid  degeneration.  In  what- 
ever part  of  the  organ  the  cancer  arises,  it  spreads  most  rapidly  in  the 
submucous  layer,  but  always  involves,  to  some  extent,  the  muscular 
coats.  As  it  extends  it  gives  rise,  in  the  interior  of  the  organ,  to 
fungating  masses  (Fig.  231)  or  to  ulcers  with  hard  edges  and  rougii 
floors  ;  and  on  the  exterior,  to  adhesions  to  neighbouring  organs,  due 
to  the  direct  .spread  of  the  growth.  Secondary  growths  in  the  glands 
and  liver  are  exceedingly  frequent.    When  situated  at  the  i)ylonis,  the 
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growth  causes  thickening  and  eversion  of  the  valve  into  the  duodenum, 
and  narrowing  of  the  oi-ifice,  leading  to  marked  dilatation  of  the 
stomach  at  a  comparatively  early  stage  of  the  disease. 

Intestine.  — Two  varieties  of  new-growth  are  commonly  found  in 
the  intestine — adenoma  and  carcinoma. 

Intestinal  adenomata  are  generally  polypoid  in  form.  The  glandular 
elements  in  the  mucous  membrane  covering  them  are  often  so  little 
increased  that  some  of  the  tumours  may  with  equal  correctness  be 
classified  as  papillomata  or  fibromata.  They  are  found  in  both  small 
and  large  intestine. 

Almost  every  form  of  carcinoma  may  occur  primarily  in  the  intes- 
tine, but  columnar  epithelioma  is  certainly  the  commonest.  The  growth 
invades  the  submucous  and  muscular  walls,  but  mainly  projects  into 
the  interior,  rapidly  encircling,  and  seriously  narrowing,  the  lumen  of 
the  intestine.  Carcinoma  of  the  intestine  is  a  common  cause  of  chi-onic 
intestinal  obstruction  in  old  people.  The  rectum,  the  flexures  of  the 
colon,  and  the  caecum  are  the  commonest  parts  involved.  Secondary 
growths  occur  in  the  mesenteric  glands  and  in  the  liver,  sometimes 
before  any  symptoms  have  been  produced  by  the  intestinal  growth. 
The  jjeritoneum  may  be  involved  by  direct  extension  or  by  metastasis. 


IV.  DISEASES  OF  SEROUS  MEMBRANES. 

The  phenomeiia  of  inflammation  affecting  serous  membranes  vary 
witli  the  nature  and  intensity  of  the  irritant  to  which  the  condition 
is  due.  It  is  convenient  to  distinguish  three  varieties  of  cases  :  (l)  The 
so-called  "dry"  cases,  in  which  little  exudation  occurs;  (2)  those 
accompanied  by  free  escape  of  serous  or  sero-fibrinous  effusion  ;  and 
(3)  those  in  which  the  fluid  poured  out  is  purulent. 

(1)  "Dry"  Injlammation. — The  sequence  of  events  constituting 
inflammation  is  the  same  in  serous  membranes  as  in  other  vascular 
parts,  comprising  dilatation  of  blood-vessels,  alteration  in  the  characters 
of  the  blood-stream,  exudation  of  fluid,  and  escape  of  leucocytes  and 
occasionally  of  red  corpuscles.  The  earliest  visible  sign  of  inflamma- 
tion is  hypersemia,  shortly  followed  by  a  loss  of  the  natural  jjolish  of 
the  endothelial  surface.  The  cells  of  the  endothelium  become  swollen 
and  granular  ;  they  multiply  rapidly,  and  many  cells,  injured  by  the 
irritant,  are  cast  off  from  the  surface  {(Icsquamaiion^  (fig.  232).  At  the 
same  time  leucocytes  escape  from  the  vessels  and  infiltrate  the  sub- 
endothelial  tissue,  some  escaping  on  to  the  actual  surface,  accompanied 
by  a  slight  exudation  of  fibrinous  lymph,  which  forms  a  wliite  or 
yellowish-white  layer,  more  or  less  closely  adherent  to  the  damaged 
endothelium.  This  deposit  of  lymph  tends  to  accumulate  at  points 
where  pressure  is  least,  as  in  the  angles  between  adjacent  coils  of 
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iiitt'stine.  MicroHcopically,  the-  exudation  is  seen  to  consist  of  a  net- 
work of  coagulated  fibrin  eoiitaininf;-  witliin  its  meshes  numbers  of 
emigrated  lencocytes. 


Fig.  232. — liijlavicd  Omciiluiii  of  a  liahbit,  sliowing  changes  in  the 
endothelium,     x  250.    (Cornil  and  Ranvier. ) 

As  the  inflammation  subsides,  tlie  hyjieraemia  diminishes,  and  more 
or  less  adhesion  takes  place  between  the  roughened  surfaces  of  the 
serous  membrane  where  they  are  in  contact.    The  connective-tissue 


KiG.  233. — I'ibriinnis  Pericarditis  of  Two  Weeks'  Duration,  n,  parietal 
pericardium  witli  artery  and  vein  ;  b,  organising  layer  of  fibrin,  willi 
engorged  vessels  appearing  as  dark  poin  s  on  its  visceral  edge  (A'l :  <■. 
fibrinous  mesh-work  ;  d,  organising  layer  adjoining  visceral  pericar- 
dium (f) ;  f,  muscular  wall  of  lieart  with  subpeticardial  fat  and  vessels  ; 
g,  line  of  union  of  the  two  inllamcd  surfaces,  showing  that  by  far  the 
larger  amount  of  fibrinous  exudation  is  on  the  visceral  side,     x  6. 

cells  multiply  and  shoot  processes  into  the  layer  of  fibrin,  which  is 
gradually  absorbed ;  new  vessels  are  formed  in  this  connecting  mass, 
and  complete  iniion  by  fibrous  tissue  thus  takes  place  (Eiff. 
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Owina^  to  the  movements  of  the  opposing  surfaces  one  upon  another 
it  often  haj)pens  that  the  newly  formed  fibrous  connections  are  jiulled 
out  into  threads  or  bands  of  varying  thickness.  In  this  way  are 
formed,  the  peritoneal  bands,  which  are  important  as  a  jjossible  cause 
of  subsequent  intestinal  obstruction,  and  the  curious  shaggy  condition 
of  tlie  pericardium  occasionally  resulting  from  inflammation  (cor 
liirsuluni). 

(2)  Serous  Injlammation. — The  hyperaemia  and  roughening  of  the 
serous  surface  takes  place  in  this  as  in  the  jn-evious  case,  but  the 
effusion  of  fluid  from  the  vessels  is  much  greater,  and  widely  separates 
the  usually  contiguous  surfaces,  forming  a  large  cavity  bounded  by  the 
serous  membrane.  In  many  cases  scarcely  any  lymjjh  coagulates  on 
the  endothelium,  and  the  effusion  remains  fluid  and  almost  clear.  In 
other  instances  a  layer  of  lymph  is  deposited  on  the  walls  of  the 
cavity,  and  the  fluid  itself  contains  flakes  of  coagulated  fibrin  (scru- 
/ibiinous  effusioii).  In  the  latter  cases  the  fluid  may  coagulate  to  a 
jelly-like  substance  when  withdrawn  from  the  body.  Occasionally  the 
escape  of  red  blood-corpuscles  is  so  free  that  the  fluid  is  more  or  less 
deeply  blood-stained  {JicEmorrhagic  effusion).  Subsidence  of  the  inflam- 
mation is  followed  by  absorption  of  the  effused  serum  through  the  veins 
and  lymphatics.  In  cases  in  which  the  effusion  is  very  large,  and  the  pres- 
sure produced  upon  the  walls  of  the  cavity  corresjjondingly  great,  such 
absorption  is  hindered  by  the  resulting  compression  of  these  vessels, 
and  it  may  be  necessary  to  withdi'aw  artificially  some  of  the  fluid  so 
as  to  diminish  the  tension  and  allow  natural  absorption  to  occur. 
When  the  fluid  has  disappeared,  union  of  the  ojijiosed  surfaces  of  the 
serous  membrane  will  take  place,  as  in  the  previous  instance,  wherever 
the  endothelium  is  sufficiently  damaged. 

(3)  Puruletd  Ivfiammalmn. — In  certain  cases  the  nature  of  the  irri- 
tant is  such  that  it  exercises  a  chemotactic  influence  on  the  leucocytes 
and  causes  a  very  free  exudation  of  these  cells  into  the  serous  cavity,  at 
the  same  time  giving  rise  to  a  proteolytic  ferment.  The  effusion  will 
then  be  purulent  or  sero-purulent,  according  to  the  proportion  of 
leucocytes  and  fluid  which  escape.  Such  purulent  effusions  do  not 
tend  to  undergo  spontaneous  absorption,  and  must  be  artificially 
evacuated.  If  the  pus  remauis  in  the  serous  cavity  for  any  length  of 
time,  great  thickening  of  the  serous  membrane  occurs,  as  a  i-esult  of 
the  chronic  inflammation  existing  in  the  sub-endothelial  tissue  ;  the 
endothelial  cells,  to  a  great  extent,  disappear,  and  the  cavity  is 
lined  with  granulation-tissue  throughout.  Obliteration  of  the  cavity 
takes  place,  as  above,  when  the  walls  are  allowed  to  come  into 
contact. 

ETIOLOGY. — Inflammation  of  serous  membrane  is  generally  the 
result  of  the  presence  of  pathogenic  organisms,  which  maybe  admitted 
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eitliei'(l)  by  direct  traumatism  (penetrating  wounds,  rujiture  of  viscera) 
or  (2)  by  means  of  the  blood-stream  or  lymijhatics.  Tiie  bacteria  gener- 
ally found  in  cases  due  to  traumatism  are  the  common  pyogenic  cocci, 
or  the  Bacillus  coli  communis  :  in  the  second  class  of  instances,  the 
pneiniiococcus,  the  bacilli  of  tuberculosis  and  of  glanders,  and  rarely 
the  gonococcus,  may  be  responsible  for  the  condition. 

Exposure  to  cold  was  formerly  considered  to  be  an  exciting  cause. 


Fig.  234.  —  Small  Intestine,  showing  Chronic  Tubercular  Peritonitis, 
n,  noi  mal  mucous  membrane ;  b,  subnuicous  tissue  ;  c,  circular 
muscular  layer ;  d,  longitudinal  n\uscular  layer  ;  c.  thickened  sub- 
peritoneal tissue  ;/,  cjironic  inHammatory  tissue  undergoing  caseation 
near  the  free  edge  ;  g,  caseated  foci,     x  12. 

and  the  possibility  of  such  an  occurrence  is  not  absolutely  disproved. 
It  may  undoubtedly  act  as  a  predisposing  condition,  rendering  the 
tissues  unable  to  resist  bacteria  accidentally  present.  The  fretjuent 
occurrence  of  inflammation  of  serous  membranes  in  diseases  of  the 
kidney  shows  that  the  poisonous  substances  circulating  in  the  blood  in 
such  conditions  are  either  exciting  or  ]n-edisposing  causes  of  this  form 
of  inflammation.  Serous  membranes  may  be  involved  secondarily  by 
extension  of  inflammation  from  the  viscera  which  they  invest,  as 


DISEASES  OF  SEROUS  MEMBRANES 


happens  to  the  pleura  in  cases  of  pneumonia,  or  to  the  peritoneum 
over  a  gumma  in  the  liver  or  over  an  ulcer  of  the  intestine. 

The  same  irritant  cause  is  capable,  under  different  conditions,  of 
producing  all  the  varieties  of  inflammation  here  distinguished.  An 
example  may  be  seen  in  the  inflammation  of  the  peritoneum  due  to 
the  Bacillus  tuberculosis  {tubercular  penlonilis).  The  simplest  form 
consists  in  the  deposit  of  a  number  of  miliary  tubercles  in  the  sub- 
peritoneal tissue,  as  may  frequently  be  seen  over  a  tubercular  ulcer. 
These  tubercles  may  be  scattered  throughout  the  whole  of  the  peri- 
toneum. As  the  process  advances,  a  dry  fibrinous  exudation  may 
become  the  most  prominent  feature  and  the  coils  of  intestine  be  sub- 
sequently matted  together  by  fibrous  tissue.  In  other  instances  a 
large  serous  effusion  takes  place  into  the  peritoneal  cavity  {ascites)  ; 
and,  very  rarely,  a  true  suppurative  peritonitis  may  be  produced. 
It  is  possible,  however,  that  in  these  last  cases  other  organisms  may 
aid  the  Bacillus  tuberculosis  in  producing  the  suppuration. 

EFFECTS. — Simple  dry  inflammation  of  serous  membranes  is 
accompanied  by  considerable  pain,  owing  to  the  friction  between  the  in- 
flamed surfaces.  Large  serous  eff"usions  emban-ass  the  action  of  the 
neighbouring  viscera,  as  of  the  heart  in  pericardial  eflTusion,  or  of  the 
lung  in  pleiu'isy  :  in  the  latter  case  collapse  of  the  lung  may  take  place 
owing  to  the  pressure  of  the  fluid.  In  very  chronic  conditions,  as  in 
purulent  pleurisy  (empyema^,  the  fibrous  tissue,  formed  by  the  union  of 
the  opposing  surfaces,  may  subsequently,  by  its  contraction,  cause  some 
local  falling  in  of  the  chest-wall  and  consequent  deformity.  The 
inflammatory  process  may  extend  from  the  serous  membrane  into  the 
substance  of  the  underlying  organs,  as  is  seen  in  the  myocarditis  which 
results  from  pericardial  inflammation,  and  in  the  interstitial  pneumonia 
which  follows  chronic  pleurisy  :  this  fibrosis  of  the  lung  takes  part  in 
producing  the  retraction  of  the  chest  just  alluded  to  (see  Bronchiectasis). 
In  peritonitis  the  extension  of  the  inflammation  into  the  muscular  coat 
of  the  gut  leads  to  paralysis  of  the  muscle  and  consequent  distension 
of  the  intestines  {li/wf  fmites). 

In  the  case  of  the  pericardium,  the  obliteration  of  the  cavity  by 
adhesions  {adherent  pencardmm)  results  in  throwing  additional  work  on 
tlie  heart,  the  contraction  of  which  is  impeded.  Great  hypertrophy  of 
the  heart  may  be  produced  to  compensate  for  this  impediment.  In  a 
few  cases  the  tightness  of  the  coat  of  fibrous  tissue  formed  around  the 
organ  is  such  that  no  enlargement  can  occur,  and  cardiac  fiiilure  is  an 
early  and  necessary  result. 

The  fibrous  material  j)roduced  in  tubercular  peritonitis  may  be 
unevenly  distributed,  giving  rise  to  irregular  masses  of  matted 
intestine  or  omentum.  Caseation  occurs  i-n  the  new  tissue,  resulting 
ill  the  formation  of  collections  of  purifovm  material.     These  "  cold 
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abscesses  "  may  burst  either  into  the  intestine  or  throiifrh  the  ai)(iuiiiiiial 
parietes  :  if  perforation  occurs  in  botli  directions,  a  /mtm/  //*/«/«  will 
result.  Movement  of  the  intestines  is  prevented  by  the  fibrous  adhe- 
sions between  the  coils,  and  obstruction  of  the  lumen  of  the  f^ut  may 
occur  as  the  result  of  kinking  produced  by  contracting  adiiesions. 

It  is  worthy  of  note  that  the  adhesion  of  the  two  surfaces  of  a 
serous  membrane  resulting  from  inflammation  is,  in  many  cases,  a 
proleclm:  coiidiliuii.  Thus  fusion  of  the  pleural  surfiices  over  a 
tubercular  vomica  ])revents  the  possibility  of  the  ulcerative  process 
extending  into  the  ji'eural  cavity  with  consequent  pneumothorax, 
while  adhesions  around  a  gastric  or  intestinal  ulcer  are  jirotective 
against  perforation  and  resulting  genei-al  peritonitis. 

V.  DISEASES  OF  THE  BLOOD. 

Anaemia. 

The  term  "ana?mia"  has  no  very  definite  connot.ition.  As  generally 
employed,  it  includes  all  diseases  of  the  blood  which  are  characterised 
by  a  deficiency  in  the  number  of  the  corjjuscles  or  a  diminution  in  the 
total  percentage  of  haemoglobin.  Other  terms  witli  a  more  precise 
significance  are  sometimes  used.  Thus  a  diminution  in  the  number  of 
red  corpuscles  is  known  as  oligocijlhceviia  or  aghbiilisiii,  and  a  deficiency 
in  the  haemoglobin  as  acliromatosis.  These  results  may  be  produced  in 
many  diseases  {secondarij  ancEinid).  Thus,  anaemia  is  common  during 
convalescence  from  acute  fevers  and  after  severe  haemorrhages.  It  is 
an  in  valuable  attendant  in  Bright' s  disease,  lead  poisoning,  and  many 
chronic  exhausting  illnesses.  It  may  also  owe  its  origin  to  deficiencies 
in  the  food,  or  to  that  Avhich  produces  the  same  practical  result — 
strictui'e  of  the  oesophagus  or  of  the  pylorus.  In  cases  due  to  these 
causes  the  number  of  red  corpuscles  is  always  reduced,  while  the 
leucocytes  may  be  either  slightly  diminished  or  slightly  increased. 
Not  only  is  the  total  percentage  of  haemoglobin  below  tlie  average,  but 
the  amount  contained  in  each  corpuscle  is  less  than  normal.  Ana;mia 
following  acute  fevers  or  haemorrhage  rapidlj'  disajipears :  the  exact 
rate  of  disappearance  varies  with  the  nature  and  severity  of  the 
disease,  the  recuperative  power  of  the  patient,  and  the  general 
conditions  of  convalescence. 

To  two  varieties  oi  pnviarij  anwmia  special  reference  must  be  made. 
These  are  (1)  Chlorosin,  and  (2)  Pcrniciuiix  Aiia'inia. 

1.  Chlorosis. 

Chlorosis  is  mainly  a  disease  of  girls  and  young  women.  It  takes 
its  name  from  the  efT'ects  of  its  most  marked  feature,  the  pallor  due  to 
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the  de/tcienci/  of  luvmoglobin.  This  is  so  great  that  the  skin  and  mucous 
membranes  of  the  patient  often  assume  a  very  pale  greenish  tinge. 
In  extreme  cases  the  hgemoglobin  may  fall  to  one-eighth  of  its  full 
amount,  and  in  most  it  is  less  than  a  third.  The  fall  in  red  curpiiacles, 
though  considerable,  is  by  no  means  parallel.  In  mild  cases  they 
may  average  3,500,000  to  the  cubic  milUmetre,  and  they  seldom  fell 
below  2,000,000.  The  corpuscles  are  on  the  whole  distinctly 
smaller  than  usual.  Some  of  them  are  very  small,  ranging  down  to 
.3  /i  in  diameter  {inicfoajles) ;  a  few  are  large,  with  a  diameter  up  to 
12  fi  (inacroctftes) ;  while  others  with  an  irregular  outline  are  occa- 
sionally found  (poi/ciloci/tes).  The  specific  gravity  of  the  blood  may 
fall  ten  to  twenty  degrees,  owing  to  the  corpuscular  defects,  for 
the  density  of  the  plasma  is  unchanged.  In  some  few  cases,  where 
death  has  occurred,  the  heart  and  large  arteries  have  been  found 
unusually  small.  Other  morbid  conditions  secondary  to  the  changes 
in  the  blood  may  coexist.  Among  these  are  dyspnoea  and  the  occa- 
sional deposit  of  subcutaneous  fat,  both  resulting  from  the  deficient 
oxygen-carrying  power  of  the  blood ;  slight  oedema,  probably  from 
defective  nutrition  of  the  vessel-walls  ;  and  various  auscultatory  signs 
due  to  the  defective  action  of  the  walls  of  the  inadequately  nourished 
heart  and  large  vessels,  combined,  according  to  some  authorities,  with 
the  lowered  specific  gravity  of  the  blood. 

PATHOLOGY. — No  explanation  of  the  changes  in  the  blood 
has  yet  been  generally  accepted,  though  many  have  been  suggested. 
It  is  very  generally  believed  that  chlorosis  is  due  to  defective  blood- 
formation  (Jioimogenesis),  and  not  to  increased  blood-destruction 
(hcemolysis),  for  the  evidences  of  the  latter,  which  are  readily  found 
in  pernicious  anaemia,  are  absent  in  chlorosis.  Virchow  first  dreAv 
attention  to  the  small  size  of  the  heart  and  large  arteries,  and 
attributed  it  to  defective  development.  He  regarded  the  disease  as 
the  expression  of  an  inability  of  the  blood-forming  organs  to  meet  the 
demands  made  upon  them  during  a  period  of  rapid  development — a 
disease  especially  liable,  therefore,  to  occur  in  those  in  whom  these 
parts  are  congenitally  defective.  The  great  frequency  of  the  disease, 
its  practical  limitation  to  one  sex,  and  its  ready  curability  point,  how- 
ever, to  a  more  transient  and  less  organic  causation. 

It  is  unquestionable  that  gastralgia,  gastric  catarrh,  gastric  ulcer, 
constipation,  defective  hygienic  surroundings,  and  irregular  habits  are 
frequently  associated  with  the  condition  ;  and  that,  in  many  examples 
of  the  disease,  the  administration  of  iron  fails  to  effect  a  cure  until 
these  are  relieved.  On  the  other  hand,  it  is  no  less  certain  that 
the  relief  of  these  conditions  without  the  administration  of  the 
iron  is  ineffectual  as  a  cure,  and  that  an  adequate  diet  contains 
an  appreciable  amount  of  that  metal.    It  is  also  well-known  that 
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liii'moglobin,  whidi  contains  iron,  is  the  ])rogeuitor  of  pigments  con- 
tiiining  none  ;  and  tliat  tlic  amount  of  tliis  metal  normally  excreted  in 
the  fffices  and  tiie  urine  is  excessively  small,  and  is  not  appreciably 
increased  in  anicmia.  It  seems  reasonable  to  suppose  that  the  iron 
thus  retained  witliin  the  body  is  utilised  in  tlie  formation  ol'  haemo- 
globin ;  and  if,  therefore,  the  haemoglobin  in  the  blood  is  deficient 
it  would  seem  more  rational  to  look  for  a  cause  lluit  iiilcrj'eres  until  the 
sifnthcxis  of  liwmoglohin  from  the  accumulating  stock  of  iron,  rather 
than  for  one  which  leads  to  any  loss  in  the  total  amount  of  iron 
contained  in  the  body.  Although  in  some  cases  menorrhagia  precedes 
the  onset  of  chlorosis,  this  sequence  is  unusual,  and  the  loss  in 
haemoglobin  is  generally  more  marked  in  chlorosis  than  in  anaemia  due 
to  haemorrhage. 

It  must  be  confessed  that  the  cause  of  the  defective  haemogenesis 
is  at  present  unknown.  By  some  it  is  attributed  to  a  deficiency  of 
iron-containing  foods,  combined  with  an  increased  loss  of  iron  due  to 
the  recurrent  haemorrhages  occurring  in  menstruation  (Stockman) ;  by 
others,  to  intestinal  decompositions  interfering  with  the  absorption  of 
iron  (Bunge,  Landwater)  ;  and  by  othei-s  again,  to  some  error  in  the 
internal  secretion  of  the  ovaiy  (Van  Noorden,  Arcangeli). 


2.  Pernicious  Anaemia. 

Pernicious  anaemia  differs  from  chlorosis  in  many  important  jiarti- 
culars.    It  occurs  in  older  persons  and  in  males,  and  is,  moreover, 
generally   fatal.    Sometimes   the   disease   seems  to  follow  severe 
haemorrhage  after  childbirth  or  any 
of  the  ordinary  antecedents  of  anaemia 
already  mentioned.     More  often  it 
has  no  obvious  cause. 

The  blood  in  pernicious  anaemia 
is  very  different  from  that  in  chlorosis. 
It  differs  from  it  in  three  especially 
important  particulars,  (l)  The  most 
marked  feature  in  pernicious  anaemia 
is  the  diminulion  in  the  nimiher  o  f  red  _ 
corpuscles.  TllUS,  although  the  total  pic.  23^.— Pernicious  Anttmia.  Blood- 
amount  of  haemoglobin  is  invariably     corpuscles  showing  poikilocytcs  (/), 

.   .  ,     1      .  .  1  .        .   •  1      niicrocvtes  (/«),  .^ncl  nucleated  corpus- 

dimmi.shed,yet  the  amount  contamed     ^^^^  („\egalocytes)  («).    Preserved  in 

in  each  corpuscle  may  even  be  ni     Hayem  s  Huid."  (Mott.) 

excess  of  the  normal.    A  fall  in  the 

percentage  of  red  corpuscles  to  1,000,000  in  tiie  cubic  millimetre 
is  not  uncommon,  and  blood  with  only  143,000  has  been  described. 

•  Perchloridc  of  nicrciiry,  0.5  gnu.;  chloride  of  sodium,  i.o  grm.  ;  sulphate  of 
sodium,  5.0  grm.  ;  distilled  water,  200.0  e.c. 
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(2)  The  next  most  characteristic  difference"  is  the  frequency  of  changes 
in  the  form  and  size  of  the  corpuscle.s:  Sometimes  there  are  found,  as  well 
as  normoblasts,  enormous  nucleated  red  corpuscles  (20  fx  dia.)  known 
as  megaloblasts  (Fig.  236).  According  to  F.ichhorst,  the  microcytes 
are  not  only  much  more  numerous  than  in  chlorosis,  but  have  a  very 
characteristic  appearance.  They  are  spherical,  granular,  and  highly 
pigmented.  Poikilocytosis  (p.  425)  is  an  almost  constant  phenomenon. 
The  number  of  leucocytes   and   of  blood-platelets    is  somewhat 


o.7n.c. 


Fig.  236. — Pernicious  Anccinia.  Fresh  nianow  from  humerus.  Appear- 
ance of  yellow  marrow  is  not  unlike  that  of  raspberry  jam.  Ordinary 
marrow-cells  are  shown  (o.ot.i:.  ).  The  shaded  cells  are  pigmented 
marrow-cells  forming  blood-corpuscles  ;  the  larger  are  megaloblasts 
and  the  smaller  normoblasts.  The  cells  marked  (/)  show  multiplica- 
tion by  fission,  those  marked  (g)  multiplication  by  gemmation. 
Marrow  treated  with  Haj'cm's  fluid  and  teased.    (Mott. ) 

diminished,  the  tendency  to  the  formation  of  rouleaux  is  less  marked, 
and  the  coagulating  power  of  the  blood  is  feebler.  Granules,  sup- 
posed to  represent  the  disintegration  of  red  corpuscles,  are  sometimes 
found.  (3)  The  total  quantitij  of  hlood  i.s  markedli/  diviinished.  At  a 
post-mortem  examination  the  vessels  are  almost  empty.  If  tiiis  fact 
be  considered  in  connection  with  the  percentage-fall  in  red  corpuscles 
and  the  slightly  diminished  specific  gravity  of  the  blood-serum  (1026), 
some  idea  can  be  formed  of  the  enormous  extent  of  the  change,  so  far 
as  the  blood  is  concerned. 

The  marrow  of  the  lon"-  Ixmes  is  m-Mcrallv  red.  aiul  contains  less 
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fill  tliaii  nonual.  Large  luiinbers  of  niegaloblasts  are  found,  and 
there  is  also  an  increase  of  normoblasts,  and  often  of  microcytes.  The 
red  marrow  contains  ])igment,  giving  the  iron  reaction  (see  below). 
The  finer  bony  trabt'ciila'  may  l)ccome  absorbed. 

The  changes  in  the  liver  are  of  considerable  importance.  In  tlie 
centre  of  the  lobule  there  may  be  an  excess  of  pigment,  and,  in  the 
peripheral  zone,  of  iron,  so  loosely  combined  with  organic  matter  that 
a  distinct  blue  colouration  can  be  obtained  on  treating  sections  of 
the  organ  with  ferrocyanide  of  jiotassium  and  dilute  hydrochloric  acid. 


Fig.  22,7.— Pernicious  Aincmia.  Same  marrow  as  in  Fig.  236,  but 
hardened  in  Muller's  fluid  and  cut  in  celloidin.  Some  half-dozen  fat 
vesicles  are  seen,  with  the  intervening  capillaries  much  dilated. 
These  contain  normoblasts  with  resetted  nuclei.  The  smallest  cells 
are  microcytes ;  those  of  intermediate  size  are  granular-looking  red 
corpuscles.    (Mott. ) 

The  cells  in  the  immediate  neighbourhood  of  the  intralobular  veins 
are  occasionally  fatty. 

The  heart  and  smaller  blood-vessels,  and  occasionally  the  intima  of 
the  large  arteries,  show  extensive  fatty  changes,  from  which  the 
skeletal  muscles  are  practically  free.  The  changes  in  the  heart  are 
particularly  well  marked.  In  the  left  ventricle  the  fatty  areas  are  so 
distinct  that  the  terms  "  thrush-breast  "  and  "  tabby-cat  "  have  been 
used  to  denote  them,  'i'hc  subcutaneous  fat  is  very  generally 
increased.  The  skin  acquires  a  faint  yellowish  or  "  old  wax  "  colour, 
suggestive  of  slight  jaundice.  Small  ha-morrhages  are  conmioii  m 
many  parts.  Flame-shaped  ha-morrhages  in  the  retina,  clustered 
round  the  disc,  are  particularly  fretpient  and  are  an  important  aid  to 
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dingnosis.  Exacerbations  are  accompanied  by  fever.  The  urine  is 
generally  dark,  and  an  excessive  amount  of  urobilin  is  excreted.  In 
the  spinal  cord  degenerative  changes  have  been  observed  in  the 
posterior  columns  and  elsewhere,  as  well  as  periarteritis,  and  hyaline 
changes  in  the  spinal  capillaries. 

PATHOLOGY. — Besides  the  diiferences  above  mentioned, 
which  may  be  held  to  distinguish  chlorosis  from  jDernicious  anaemia, 
additional  evidence  is  gained  by  observing  the  effects  of  the  adminis- 
tration of  iron.  This  drug,  which  effects  a  cure  in  chlorosis,  is  generally 
useless  in  pernicious  anaemia. 

The  inci-ease  of  iron  in  the  liver  and  marrow,  and  of  urobilin  in  the 
urine,  affords  evidence  that  the  disease  is  due  to  the  excessive  destruc- 
tion of  red  blood-cells — haemolysis.  The  changes  in  the  marrow  of  the 
long  bones  and  the  existence  of  nucleated  corpuscles  in  the  blood  is 
no  ai-gument  against  this  view,  as  they  might  be  due  to  increased 
physiological,  not  to  pathological,  haemogenesis.  This  explanation  is 
the  more  probable,  as  repeated  bleedings  of  animals  produce  similar 
effects.  A  condition  somewhat  similar  to  that  found  in  the  liver  in 
cases  of  pernicious  anaemia  has  been  produced  by  the  administration  of 
toluylenediamine.  This  discovery  led  to  the  suggestion  that  the  disease 
is  due  to  the  absorption  of  toxic  products  from  the  intestine.  Two 
observers  have  described  special  organisms  in  the  blood,  but  their  results 
have  not  yet  been  confirmed.  The  j)resence  of  the  Bothriocephalus 
latus  (p.  235)  in  the  intestine  may  also  be  accompanied  by  symptoms 
of  pei-nicious  anaemia,  which  disappear  when  the  parasite  is  removed. 

The  changes  in  the  spinal  cord  have  been  attributed  (1)  to  degen- 
eration after  haemorrhage,  (2)  to  focal  myelitis  and  its  results,  and 
(3)  to  the  cause  producing  the  anaemia.  Attempts  to  produce  the 
changes  exjierimentally  have  failed. 

It  is  worthy  of  note  that  while  in  phosphorus-poisoning  the  fatty 
degeneration  is  almost  universal,  in  pernicious  antemia  it  is  far  more 
marked  in  the  heart  than  elsewhere.  Mott  has  suggested  that,  while 
the  feeling  of  languor  so  characteristic  of  the  disease  imposes  rest  upon 
the  skeletal  muscles,  the  deficient  quantity  and  diminished  oxygenating 
capacity  of  the  blood  necessitates  increased  work  on  the  part  of  the 
heart.  The  balance  of  work  and  repair  in  the  organ  cannot,  tlierefore, 
be  maintained,  and  degeneration  ensues  to  a  gi'eater  extent  than  else- 
wliere  (p.  34). 

Leucocythsemia. 

Leucocythaemia,  or  leuclitcmia,  is  a  disease  characterised  by  a 
considerable  increase  in  the  number  of  white  corpuscles  in  the  blood, 
l)y  a  diminution  in  tliat  of  the  red  corpuscles,  and  by  changes  in  the 
spleen,  lymphatic  glands,  bone-maiTOw  and  other  organs. 
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Leucocytosis.  In  some  conditions  a  slight  increase  in  liu- 
number  of  wiiite  eorpiiseles  oeeurs  without  any  other  change,  and  is 
termed  "leucocytosis."  This  differs  from  leucocythaemia  in  that 
the  increase  in  white  corpuscles  is  limited  to  the  multinucleated 
leuct)cytes  (Figs.  97  and  101),  and  is  unattended  by  ana;mia  or  any  of 
the  other  changes  characteristic  of  leucocytha;mia.  Leucocytosis  occurs, 
|)hysiologically,  after  a  meal,  and  in  the  later  months  of  pregnancy. 
In  jjyiemia  and  in  many  of  the  acute  infectious  diseases,  CKpeciallv 
those  in  which  the  lymphatic  structures  are  affected,  such  as  tvj)h()id 
and  scarlet  fevers,  there  is  often  a  marked  excess  of  white  corpuscles. 
The  same  change  has  been  described  in  tubercular  diseases,  and  in 
conditions  accompanied  by  suppuration.  After  large  losses  of  blood 
there  is  also  a  similar  increase.  Leucocytosis  does  not  seem  to 
interfere  with  the  circulation  or  with  the  general  health.  It  j)robably 
dejjends  upon  the  jjrocess  known  as  chemoia.ris-  (p.  1 65),  and  is,  in 
many  instances,  preceded  by  a  stage  in  which  the  number  of  leucocytes 
is  diminished  [ki/pu/eucocijt.osix). 

Cases  of  leucocythaemia  may  generally  be  grouped  into  one  of 
two  varieties — the  .splciiu-mediillari/  and  the  lymphatic.  (1)  In  the 
spleno-medullary  form  {inyeloa/tha'mia)  the  enlargement  of  the 
sjjleen  is  very  marked,  while  the  lymphatic  glands  are  but  little 
affected.  The  changes  in  the  blood,  which  will  be  presently 
described,  are  also  more  or  less  characteristic.  (2)  The  lymphatic 
form  (Jijmphociithcemia)  is  usually  characterised  by  an  enlargement  of  the 
lymphatic  glands  and  by  the  large  number  of  lymphocytes  in  the  blood. 
Blood. — The  increase  in  the  number  of  white  corpuscles  varies 

considerably  in  different  cases.  A  |)ro- 
portion  of  one  white  to  ten  red  is  quite 
common,  and  often  there  are  as  manj' 
as  one  to  three  (Fig.  238).  In  the 
course  of  the  disease  the  proportion 
may  for  a  time  fall  to  normal.  The 

„,    ,  ,  excess  of  leucocytes  gives  to  the  blood 

Fig.  238. — Blood  from   a   Case  0/  -, 
Lcucocyih^mia  (u^^si^m^d).  x  200.  »  paler  and  more  opaque  appearance 

than  natural  (Jeiichn'mia). 
In  the  .spleno-medullan/  form  the  excess  of  white  corpuscles  is 
found  to  be  made  up  of  the  following  varieties  of  cell:  (l)  large 
uninucleated  neutrophile  cells  resembling  marrow-cells  {}iii/c/ori/lcit), 

(2)  large  uninucleated  eosinophile   cells ;   and,  to   a  less  extent, 

(3)  ordinary  so-called  multinucleated  leucocytes,  and  (4)  leucocytes 
with  coarse  granules  staining  dee|)ly  with  m^thylene-blue  (Fig.  2.'{.Q). 
Nucleated  red  corpuscles,  suggestive  of  normoblasts,  are  also  found  in 
considerable  numbers;  and,  according  to  Muir,  the  blood-platelets  are 
increased.  In  the  lymphatic  imm  the  excess  of  Avhite  corpuscles  consists 
almost  wholly  of  lymphocytes. 
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It  is  often  stated  that  in  leucocythaemia  the  new  corpuscles  show 
no  movements  when  examined  on  the  warm  stage.  The  explanation 
of  this  iSj  that  the  large  majority  of  the  new  cells  are  not  such  as, 
under  any  circumstances,  possess  the  power  of  amoeboid  movement 
(p.  164).  Those  leucocytes  which  show  amoeboid  movements  in  health 
do  not  fail  to  exhibit  them  in  leucocythaemia. 

C 


Fig.  239. — Blood  from  Case  of  Splcnu-medullaiy  I.eiicocytliamia.  a, 
nucleated  red  corpuscle  ;  b,  coarsely  granular  eoslnophile  leucocytes  ; 
c,  finely  granular  multinucleated  leucocytes;  d,  myelocytes;  e, 
lymphocj'tes  ;  f,  red  corpuscles,     x  1000. 


The  red  corpuscles  may  be  reduced  to  a  lialf  or  to  a  quarter  of  the 
normal  number.  They  are  usually  normal  in  appearance,  but  vary 
both  in  size  and  shape.  Small,  slender,  coloui'less,  octohedral  ciystals 
containing  phosphoric  acid  have  been  discovered  in  the  blood,  liver, 
and  spleen  (Charcot's  crystals).  The  coagulating  power  of  the  blood 
in  leucocythajmia  is  much  diminished,  and  when  this  liquid  is  allowed 
to  stand  the  white  corpuscles  form  a  creamy  layer  upon  its  surface. 
There  is  also  a  marked  lendencij  to  Juemorrhage  into  the  viscera  and,  less 
frequently,  from  the  mucous  membranes. 

Spleen. — This  organ  is  symmetrically  enlarged,  often  to  an 
enormous  extent.  The  capsule  is  irregularly  thickened,  and  there 
may  be  adhesions  to  the  adjacent  viscera.  In  all  chronic  cases  the 
consistence  of  the  spleen  is  firmer  than  natural,  owing  to  an  increased 
thickness  of  the  reticulum.    The  organ  is  closely  packed  with  cells 
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similar  to  those-  found  in  tlu-  blood,  and  tlit-  Malpifrhian  corpuscles  are 
yt-nerally  indistinct:  very  rarely  they  may  form  j)rominent  growths. 
Except  for  infarctions,  which  are  common,  and  maybe  seen  in  all  stages 
and  varieties  (]>.  21 1),  the  cut  section  is  generally  of  a  uniform  reddish 
colour.  Phlebitis  of  the  s|)lenie  vein  with  leucocytic  emboli  in  the  liver 
have  been  found. 

Lymphatic  Glands. — Enlargement  of  the  lym])hatic  glands  Is 
uncommon  in  spleno-medullary  leucocythiL'mia.  In  the  lymphatic  form 
they  are  generally  much   enlarged.     Their   consistence  is  usually 


a 


I 
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Fig.  240. — Lobule  of  the  Liver  from  a  Case  of  Spleiio-vtediillnry  Leucocy- 


tli(smia.  a,  u',  a",  masses  of  leucocytes  in  the  intcrlobuhir  region  ; 
b,  intralobular  vein.  Tliere  is  also  an  excess  of  leucocytes  between 
the  rows  of  fatty  liver  cells,    x  90. 

normal,  and  they  are  freely  movable.  On  section,  hicmorrhagic  areas 
are  often  to  be  seen.  Microscojiically  the  enlargement  of  the  glands 
is  found  to  be  due  to  an  accumulation  of  leucocytes. 

Bone-marrow. — This  is  of  a  uniform  pale  pink  coloin-.  Micro- 
scopically, there  is  no  characteristic  change,  all  the  constituents  found 
in  leucocythsemia  being  sometimes  found  in  other  conditions.  In  the 
Ivmphatic  variety  lymphocytes  arc  abundant  (Muir). 

(ienerally  speaking,  lymphoid  tissue  in  any  ))art — e.g.,  the  follicles 
of  the  intestine — may  be  found  increased,  while  any  organ  may  contain 
foci  of  leucocytes  (Fig.  240)  or  evidence  of  local  hiemorrhage. 


DISEASES  OF  THE  BLOOD 


Recent  chemical  observations  on  the  metaboHc  changes  occurring 
in  leucocythannia  point  to  an  increase  of  xanthin  bases  in  the  blood. 
Most  of  the  changes  described  are  explicable  on  the  theory  of  the 
destruction  of  an  unusually  large  number  of  leucocytes. 

Lymphatic  leucocytha'mia  generally  runs  a  more  rajiid  course  than 
the  spleno-medullary  form,  and  this  variety,  like  acute  Hodgkin's 
disease,  may  prove  fatal  in  less  than  two  months,  while  the  spleno- 
medullary  form  may  take  more  than  two  years  to  reach  a  fatal 
termination. 

PATHOLOGY. — The  pathology  of  leucocythfemia  is  still 
obscure.  It  is  highly  probable  that  the  increase  in  the  number  of  white 
corpuscles  is  due  to  excessive  formation  of  these  cells.  Those  present 
in  the  spleno-medullary  forms  are,  under  normal  conditions,  found  in 
the  marrow  ;  and  the  lymphocytes,  occun-ing  in  the  lymphatic  form, 
may  be  derived  from  the  lymphatic  organs.  The  other  phenomena 
of  the  disease  may  be  accounted  for  by  the  accumulation  of  the  cells 
thus  formed  in  the  different  organs  of  the  body,  and  by  their  conse- 
quently increased  disintegTation.  The  anaemia  may  be  due  to  the  inter- 
ference with  the  noi-mal  blood-forming  functions  of  the  bone-marrow. 
According  to  this  view  the  enlai-gement  of  the  spleen  is  a  secondary 
condition  and  depends,  according  to  Muir,  partly  upon  its  passive  dis- 
tension with  the  new  cells,  and  partly — assuming  that  leucocytes 
normally  undergo  disintegration  in  this  organ  —  on  the  increased 
efforts  made  by  the  spleen  to  deal  with  the  abnormal  sujiply  of  leuco- 
cytes. 

The  cause  of  the  increased  proliferation  is  altogether  a  matter  of 
conjecture.  Many  observers  have  searched  for  parasites,  but  none  have 
been  definitely  associated  with  the  disease.  There  is,  however,  an 
obvious  analogy,  especially  in  the  case  of  the  lymphatic  form,  with 
sarcoma.  In  both  there  is  a  purposeless  growth  of  cells,  which  in 
leucocythaemia  are  itinerant,  and  in  sarcoma  stationary.  It  is  possible 
to  explain,  on  this  analogy,  the  accumulation  of  the  cells  in  those  places 
where  they  are  actually  found  in  leucocythaemia. 

Splenic  Anaemia. 

This  term  is  apjilied  to  a  clinical  condition  characterised  by  progres- 
sive anaemia  of  the  chlorotic  type,  by  enlargement  of  the  spleen,  fever, 
and  by  a  marked  tendency  to  slight  haemorrhage.  There  is  occasionally 
slight  lymphocytosis.  Fibrosis  is  the  principal  change  in  the  spleen. 
The  pathology  of  the  disease  is  quite  unknown. 

Purpura,  scurvy  and  haemophilia  are  clinical  conditions  which, 
to  some  extent,  resemble  pernicious  ana-mia,  splenic  anaemia  and 
leucocytha?mia  in  the  tendency  eacli  disease  shows  to  hsemorrhage  ; 

2  E 
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but  their  j)athology  is  not  sufficiently  understood  to  justify  any  detailed 
description  in  this  place. 

VI.  DISEASES  OF  THE  HEART. 

Malformations. 

In  general  terms,  malformation  of  the  heart  comprises  the  follow- 
ing princijjal  defects — singly  or  in  combination:  (1)  deficiencies  in  the 
septa,  (2)  dilatation  or  narrowing  of  the  pulmonary  and  aortic  orifices ; 
(3)  redundancies  or  deficiencies  in  the  valves,  (4)  persistence  of  fcetal 
channels,  and  (5)  transposition  of  the  arterial  trunks  and  other  parts. 

The  septa  may  altogether  fail  to  apj)ear,  or  their  formation  may  be 
arrested  at  any  stage  of  their  development.  The  entire  absence  of  any 
one  of  these  septa  pi-oduces  the  earliest  forms  of  malformation.  In 
this  way  there  may  be  produced  a  heart  with  a  single  auricle,  a  single 
ventricle,  and  a  single  arterial  channel,  supplying  both  systemic  and 
jnilmonar)'  circulations,  as  in  fish.  If  the  defect  is  less  extensive,  a 
heart  with  two  auricles,  but  with  a  single  ventricle  and  a  single 
arteiy,  may  result,  as  in  the  frog.  These  and  other  corresponding 
varieties  are  rare.  In  all  of  them  extra-uterine  life  is  onlj'  possible 
for  a  few  days.  Incomplete  foiination  of  septa  is,  however,  a  more 
frequent  malformation.  In  this  way  many  forms  of  persistent  channels, 
connecting  the  two  sides  of  the  heart,  may  result. 

In  one  of  the  commonest  varieties  of  malformed  heart  the  orifice 
of  the  pubnonaiy  aiiery  is  much  narrowed  and  that  of  the  aorta  cor- 
respondingly enlarged,  while  the  upper  part  of  the  inter-ventricular 
septum  (the  last  part  to  be  developed)  is  absent.  The  aorta  may 
subtend  both  ventricles,  and  the  wall  of  the  right  ventricle  will  then 
attain  the  same  thickness  as  that  of  the  left.  In  these  cases  the 
ductus  arteriosus  is  generally  patent,  and  so,  not  infrequently,  is  the 
foramen  ovale.  In  most  instances,  the  nan-owing  of  the  pulmonar}' 
artery  seems  to  be  the  primary  defect,  the  rest  naturally  following 
from  the  Interference  with  the  nonnal  course  of  the  foetal  circulation ; 
for  the  blood  from  the  light  ventricle  being  unable  to  pass  through 
the  pulmonary  orifice  and  ductus  arteriosus  into  the  systemic  circula- 
tion, is  driven  over  the  upper  edge  of  the  incomjilete  scjitum  and 
there  meets  that  coming  from  the  left  ventricle,  passing  upwards  with 
it  into  the  aorta.  After  birth  the  aorta  supplies  the  pulmonary  arter}' 
by  way  of  the  ductus  arteriosus. 

Stenosit  or  ahsence  o  f  the  aoiiic  orifice  is  less  common.  When  either 
of  these  occurs,  both  foramen  ovale  and  ductus  arteriosus  are  usually 
patent,  while  the  left  ventricle  atrophies. 

The  valves  may  be  excessive  or  defective  in  number  and  in  size, 
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but  these  changes  need  not  seriously  interfere  with  the  action  of  the 
heart. 

PerA-isleitce  of  Ihc  Jbraineu  ovale  and  of  the  ductus  arteriosus,  although 
generally  associated  with  the  defects  before  mentioned^  may  occur  alone^ 
without  leading  to  any  further  pathological  change. 

In  the  majority  of  cases  the  arrest  of  the  normal  development  of 
the  heart  seems  to  depend  primarily  upon  some  inherent  embryonic 
defect,  and,  only  in  exceptional  cases,  upon  foetal  endocarditis  or  other 
intercurrent  disease. 

Results. — Malformations  of  the  heart  do  not  necessarily  give  rise 
to  secondary  changes,  especially  if  limited  to  some  slight  defect,  such 
as  a  patent  foramen  ovale  or  persistent  ductus  arteriosus,  or  some 
abnormality  in  the  number  of  segments  in  a  valve — none  of  which  need 
cause  any  appreciable  impairment  of  the  circulation.  If,  however,  the 
malformation  is  sufficiently  severe  to  affect  the  normal  order  of  the 
circulation  without  rendering  life  impossible,  two  phenomena  generally 
occur:  (1)  cijanosis,  constant  or  intermittent;  and  (2)  a  high  specific 
graviti/  of  the  hlood,  due  to  an  increased  proportion  of  its  red 
corpuscles. 

(1)  The  ci/anosis  is  occasionally  and,  in  all  probability,  erroneously 
attributed  to  the  admixture  of  arterial  and  venous  blood.  Admixture, 
as  in  the  case  of  a  single  ventricle,  may,  however,  exist  without 
cyanosis  ;  and,  conversely,  cyanosis  without  admixture.  Moreover,  it 
is  in  those  cases  in  which  the  right  ventricle  is  most  hypertrophied 
that  the  cyanosis  is  most  marked.  With  more  reason,  therefore,  its 
presence  is  attributed  to  defective  aei-ation  of  the  blood  and  to  passive 
(venous)  congestion.  The  deficient  aeration  may  depend  on  structural 
alterations  (stenosis  of  pulmonary  artery  with  incomplete  interventricular 
septum)  whereby  the  amount  of  blood  passing  through  the  lungs  varies. 
The  imperfect  aeration  may  be  sufficient  to  meet  the  ordinary  require- 
ments but  insufficient  to  meet  any  slightly  increased  demands.  In  the 
same  way  the  venous  congestion  is  mainly  due  to  the  partial  exhaustion 
of  the  normal  reserve  power  of  the  heart,  this  having  been  already 
largely  used  up  in  compensating  for  the  structural  defects,  and  to  the 
consequent  inability  of  that  organ  to  meet  any  further  demand.  Blue- 
ness  of  the  skin  and  mucous  membranes  and  clubbing  of  the  fingers  are 
the  chief  results  of  the  venous  congestion. 

(2)  The  concentration  of  the  blood,  as  shown  in  the  large  amount 
of  red  corpuscles  and  increased  percentage  of  htemoglobin,  has  been 
attributed  to  the  persistence  of  a  similar  condition  obtaining  in  late 
fcEtal  life,  when  the  specific  gravity  of  the  blood  is  also  abnormally 
high.  Gibson  suggests  that  the  corpuscular  excess  is  due  to  the 
diminished  wear  and  tear,  and  the  consequently  longer  life,  of  the  indi- 
vidual corpuscles,  but  this  view  has  not  yet  met  with  general  acceptance. 
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Hypertrophy. 

Hypertrophy  of  the  heart  has  been  ah-eady  referred  to  (p.  I  tj), 
but  its  varieties  are  of  sufficient  importance  to  merit  a  more  detailed 
account. 

The  wliole  heart  may  be  uniformly  affected  or  the  enlargement  may 
be  mainly  confined  to  one  of  the  two  ventricles. 

1.  Uniform  hypertrophy  of  the  whole  organ  is  a  common  result 
of  adherent  pericardium.  By  this  change  the  sliding  action  of  the  heart 
is  interfered  with,  and  the  work  thrown  uj>on  its  muscular  walls  pro- 
portionately increased.  A  heart  thus  enlarged  may  weigh  from  twelve 
to  thirty  ounces — even  after  the  parietal  layer  of  the  pericardium  has 
been  dissected  off.  The  normal  shape  of  the  heart  is  preserved,  but 
its  general  dimensions — both  external  and  internal — and  the  thickness 
of  its  walls  are  alike  increased. 

2.  Hypertrophy  of  the  left  ventricle  follows  any  changes  that 


Fig.  241. — Hypertropliy  of  Left  I 'e///i  ic/c  {{ronl  view  ).  Heart  is  elon- 
gated. Septum  occupies  niitklle  of  .anterior  surface.  From  a  Case 
of  Granular  Kidney. 

give  rise  to  obstruction  at  the  aortic  orifice,  or  permit  regurgitation 
from  the  aorta.  It  also  follows  obstruction  in  the  arterioles  such  as 
occurs  in  arterio-cajiillai-y  fibrosis  (granular  contracted  kidney).  The 
weight  of  the  organ  frequently  exceeds  twenty  ounces.  In  shape  it 
is  elongated ;  the  septum,  and  therefore  the  left  coronary  artery,  is 
displaced  to  the  right  of  its  usual  j)osition  on  the  anterior  surface 
(Fig.  241).  On  examining  a  vertical  section  the  apex  is  seen  to  be  formed 
entirely  by  the  wall  of  the  left  ventricle,  and  the  walls  of  this  cavity  are 
themselves  thickened  (Fig.  2  Is'}). 

3.  Hypertrophy  of  the  right  ventricle  follows  any  changes 
in  the  mitral  orifice,  or  in  the  lungs,  which  hinder  the  passage  of  the 
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blood  from  the  right  ventricle  to  the  systemic  circulaLion  and  thus 
impose  additional  work  on  the  right  side  of  the  heart.    Emphysema  of 


RA 


RV 


Fig.  2.^1.— Hypertrophy  of  Right  Ventricle  (front  view).  Heart  is 
quadrilateral  and  septum  is  displaced  to  the  left.  Right  auricle  is 
dilated.    From  a  Case  of  Chronic  Bronchitis  and  Emphysema. 

the  hmgs  (p.  472)  and  incompetence  of  the  mitral  valves  are  its 
principal  causes.    The  heart  is  quadrilateral,  and  its  anterior  surface 


RV 


l''lG.  242,-— Anterior  half  of  Heart  (¥'ig. 
241 )  seen  from  behind.  Left  Ventricle 
forms  the  whole  of  ape.\.  Wall  of 
LV :  wall  o(  RV  :  :  10  :  2  (normal 
proportion  5  :  2). 


LA 


LV 


nv 


Fig.  244. — Anterior  half  of  Heart  (Fig. 
242)  seen  from  behind.  Right  Ventricle 
is  seen  to  take  greater  share  in  forma- 
tion of  apex  than  Left  Ventricle  does. 
Wall  of  RV  is  much  thickened,  but 
not  so  thick  as  that  of  left.  Tricuspid 
orifice  and  RA  are  dilated. 


consists,  almost  entirely,  of  the  wall  of  the  right  ventricle  (Fig.  242). 
On  section,  both  ventricles  are  found  to  take  about  an  equal  sliare  in  the 
formation  of  the  apex  of  the  organ,  while  the  usual  difterence  between 
the  thickness  of  the  walls  is  much  diminished  (Fig.  244).    Exce])t  in 
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cases  of  coiiirenital  disease,  the  thickness  of  the  rif^ht  ventricle  never 
reaches  that  of  the  left.  These  distinctions  are  well  shown  in  the 
accompanying  illustrations. 

Pericarditis. 

The  irritant  causing  pericarditis — in  most  cases  unknown — reaches 
the  pericardium,  as  in  inflammation  of  the  other  serous  membranes,  by 
way  of  the  blood-vessels,  or  by  direct  extension  from  the  neighbouring 
parts.  In  those  cases  in  which  organisms  have  been  found  associated 
with  pericarditis  they  have  been  the  same  as  those  found  in  endo- 
carditis. 

The  inflammatory  exudation  (p.  41 9)  is  accompanied  by  an  extensive 


a  b  6^  g 

Fig.  2:^y—Fibniious  Pericarditis  oj  Two  Weeks  Duration,  a.  parietal 
pericardium  with  artery'  and  vein  ;  organising  layer  of  fibrin,  with 
engorged  vessels  appearing  as  dark  points  on  its  visceral  edge  (*') ;  c , 
fibrinous  mesh  work  ;  </,  organising  layer  of  fibrin  adjoining  visceral 
pericardium  (e) ;  /,  nmscular  wall  of  heart  with  subpericardial  fat  and 
vessels  ;  ^,  line  of  union  of  the  two  inflamed  surfaces,  showing  that 
by  far  the  larger  amount  of  fibrinous  exudation  is  on  the  \  isceral  side. 
X  6. 

destruction  of  the  lining  endothelium,  and,  in  the  vast  majority  of 
cases,  is  of  a  sero  fibrinous  character.  A  fibrinous  layer  covers  both 
visceral  and  parietal  pericardium,  and  a  fe^v  ounces  of  flaky  albuminous 
fluid  fill  the  intervening  cavity.  The  fibrinous  layer  varies  from  a  fine 
deposit,  just  concealing  the  natural  gloss  of  the  surface,  to  a  rough 
shaggy  coat  (cor  ri/loxitm). 

The  subsidence  of  the  inflanniiation  is  followed  by  absorption  of 
the  fluid,  and  by  organisation  of  some,  or  all,  of  the  fibrinous  layers 
(Fig.  245).    This  results  in  obliteration  of  a  proportionate  amount  of 
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the  pericardial  cavity,  or  in  the  formation  of  fibrous  bands  passing 
across  it. 

During  the  acute  stage  the  heart's  action  is  slightly  hampered 
(1)  by  the  friction  between  the  roughened  surfaces,  especially  of  the 
auricles  and  right  ventricle;  (2)  by  the  pressure  of  any  marked  effusion 
of  fluid;  and  (3)  by  the  diminished  support  afforded  by  the  weakened 
pericardium.  In  later  stages  the  action  is  also  impaired  by  (l)  the 
presence  and  contraction  of  such  adhesions  as  have  not  been  torn 
asunder,  during  the  earlier  stages  of  their  development,  by  the  move- 
ments of  the  muscular  walls  of  the  heart  ;  and  (2)  by  the  contraction  of 
the  inflammatory  fibi-ous  tissue  in  the  visceral  pericardium  and  in  the 
outer  layers  of  the  myocardium  itself.  The  impairment  is  generally 
sufficient  to  cause  uniform  hypertrophy  of  the  heart  (p.  436). 

On  the  surface  of  the  pericardium  smooth,  white,  "milk  "  patches 
are  not  infrequentl}'  observed.  In  a  few  cases  these  represent  the  most 
favoui'able  termination  of  an  old  acute  pericarditis ;  but  the  vast 
majority  are  most  probably  due  to  some  source  of  pressure  outside 
the  pericardium,  leading  to  considerable  local  friction  between  the 
visceral  and  jmrietal  surfaces.  At  such  places  the  pericardium  becomes 
thickened  and,  therefore,  whiter  and  more  opaque. 


Endocarditis. 


Inflammation  of  the  lindocardium,  or  Endocarditis,  is,  for  the  most 
part,  limited  to  the  valves  of  the  heart,  although  it  occasionally 
involves  the  adjacent  parts.  When  the  disease  occurs  after  birth,  it  is 
almost  exclusively  confined  to  the  left  side  of  the  heart,  and  thus,  in 
the  great  majority  of  cases,  commences  in,  and  seldom  extends 
beyond,  the  confines  of  the  mitral  and  of  the  aortic  valves  and  the 
corresponding  orifices  ;  but  when  it  arises  during  foetal  life,  endo- 
carditis is  usually  found  on  the  light  side 
and,  by  the  production  of  lesions  which 
interfere  with  the  normal  develojjment  of 
the  heart,  becomes  one  of  the  causes  of 
congenital  malformations  of  that  organ. 

Those  portions  of  the  valves  which 
normally  come  into  contact,  and  are  thus 
most  exposed  to  friction,  are  those  in 
which  the  morbid  changes  commence.  In 
the  mitral  valve  —  the  most  commonly 
affected  of  all — the  auricular  surface  ot 
the  segments,  at  a  little  distance  from  the 
attachment  of  the  chordae  tendinea',  is  first 
involved  (Fig.  24fj).  In  the  aortic  valves 
it  is  the  convex  or  ventricular  surface  of  the  segments  which  is 


I'  K;.  246. — Itijlainimitiou  of  Mitral 
Valve.  The  earlier  stage  of  the 
process.  Valve  seen  from  the 
auricular  surface.  Showing  the 
situation  of  the  inflanunatory 
granulations. 
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iiff'eoted.  The  chiiiifife  does  not  commence  at  the  free  edge  of  tlie 
seginent,  but  ulong  the  little  band  of  tissue  which  passes  from  tlie 

attached  border  to  the  Corpus  Arantii  in  the 
centre  (iMg.  «47). 

The  changes  themselves  may,  fur  the 
purposes  of  description,  be  arranged  in  three 
groups,  although  they  frequently  occur  to- 
gether. 

(1)  Upon  the  surface  of  the  parts  already 
indicated  are  found  a  number  of  pale,  closely 
aggregated  projections,  varying  from  a  band 
of  mere  specks  or  beads,  which  cannot  exert 
any  appreciable  mechanical  effect  on  the 
heart's  action  (Fig.  47),  to  large  cauliflower- 
like masses  almost  completely  obstructing 
the  affected  orifice  (Fig.  248).  These  pro- 
jections, in  the  large  majority  of  cases,  con- 
sist of  thickened  endocardium  and  adherent,  and  often  organised,  blood- 
clots  (Fig.  249).  So  smooth  is  the  surface  and  so  firm  is  the  thrombus 
that,  to  superficial  observation  or  until  a  section  is  made,  these  projec- 


l''iG.  247.  —  I iifiamiiiation  of 
Aortic  Valves.  The  earlier 
stage  of  the  process.  Show- 
ing the  situation  of  the  in- 
flammatory granulations, 


l''lG.  248. — EiidocanH/is  due  to  l-'i  ic- 
tioii.  The  drawing  represents  a 
long  vegetation  on  one  of  the  seg- 
ments of  the  aortic  valve,  which  by 
contact  with  the  endocardium  below 
has  produced  numerous  inflamma- 
tory granulations  (a). 


6'  \  ^^^^'^^  '  y) 


l  "iG.  249.  — Acute  Endocarditis. 
.\  granulation  from  the  mitral 
valve,  showing  a  fibrinous 
coagulum  upon  the  surface 
of  the  granulation  (d).  x  10. 
(Rindfleisch.) 


tions  or  vegetations  appear  to  consist  entirely  of  localised  swellings 
of  the  endocardium.  Hut  Avhen  death  occurs  at  a  very  early  sbige 
there  may  be  no  thickening  of  the  endocardium  at  all,  nor  any 
redness — nothing  but  small  areas  of  necrosed  endocardium,  each 
covered  with  a  smooth,  firmly  adherent  thrombus. 
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(2)  The  affected  valves  and  tlieir  attachments  may  be  miicli 
thickened  throughout,  and,  at  places,  coherent  and  even  calcified.  In 
this  way  the  mitral  orifice  may  be  reduced  to  a  rigid  funnel  or  button- 
hole slit  (Fig.  250),  and  the  aortic  valves  may  so  lose  their  elasticity 
that  they  stand  out  into  the  lumen  of  the  aorta,  neither  falling  back 
during  systole  nor  completely  closing  the  orifice  during  diastole 
(Fig.  251).  Thus  the  passage  of  blood  through  the  orifices  may  be 
seriously  interfered  with  [xtciioi-Ls-) ,  and  its  regurgitation  permitted 
{incompetence)  (pp.  141  and  100). 


KiG.  2sp.~AJiO-ai  Stenosis.  Mitral  orifice  seen  from  the  left  auricle  in 
a  case  of  old  inflammation  of  the  mitral  valves.  The  orifice  is  in 
the  centre  of  a  calcified  mass,  the  outer  edge  of  which  can  be  seen 
at  [b).  A  calcareous  spicule  projects  into  the  orifice  [a).  Natural 
size. 

(3)  Less  frequently,  and  combined  with  the  other  changes,  ulcers 
and  minute  abscesses  may  be  found  penetrating  into  the  deeper  layers 
of  the  endocardium  and  even  involving  the  myocardium  beneath. 
Portions  of  the  valves  may  be  wholly  destroyed  and  disappear,  while 
the  superjacent  and  loosely  adherent  thrombi,  being  easily  detached, 
broken  up,  and  carried  on  by  the  circulating  blood,  may  give  rise  to 
multiple  embolism  of  the  brain,  spleen,  kidney,  skin  and  other  ))arts 
(Fig.  252). 

Palhologt/. — The  cause  of  endocarditis  is  an  irritant  circulating  in 
the  blood.  In  many  cases  this  is  known  to  be  an  organism.  Organisms 
have  not  only  been  found  and  cultivated  from  the  lesions,  but  it  has 
also  been  shown  experimentally  that  the  Staphylococcus  pyogenes 
aureus,  the  Streptococcus  j)yogenes,  the  Diplococcus  pneumonia?,  and 
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Fig.  251. — Aoriic  Stenosis,  a,  aortic  orifice  seen  from  below  in  a  case 
of  old  inflammation  of  the  aortic  valves.  The  valves  are  calcified 
and  meet  in  the  centre  and  at  the  sides  ;  i,  mitral  valve  (fore- 
shortened).   Natural  size. 


Fig.  252.  —  Ulcerative  EiuliH  urJitis.  a,  adherent  fibrinous  masses  con- 
cealing the  attachments  of  the  valves  (c  c' ,  c'-) ;  h.  />',  ulcers  on  endo- 
cardium and  aorta  ;  </.  <i',  intlamniatory  foci  with  adherent  thrombi. 
Reduced  J. 
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the  Gonococcus  are  all  capable,  when  injected  into  the  circulation,  of 
producing  endocarditis.  This  probability  is  greatly  increased  when 
small  solid  particles  are  simultaneously  introduced,  or  when  the  valves 
are  in  any  way  previously  damaged.  Other  organisms,  such  as  the 
Bacillus  tuberculosis,  are  not  found  experimentally  to  produce  endo- 
carditis, unless  some  previous  damage  affords  them  a  suitable  resting- 
place.  In  a  large  number  of  cases  the  nature  of  the  irritant  is 
unknown.  The  disease  frequently  arises  in  the  early  stages  of  acute 
rheumatism  and  of  chorea.  It  is  an  occasional  complication  of  pyaemia, 
puerperal  fever,  gonorrhceal  arthritis,  scarlatma,  typhoid  fever  and 
chronic  Bright's  disease.  The  limitation  of  the  disease,  after  birth,  to 
the  left  side  of  the  heart  seems  to  be  mainly  due  to  the  higher  blood- 
pressure  and  greater  friction,  as  well  as  to  the  greater  oxygenation  of 
the  blood  which  favours  the  growth  of  most  of  the  organisms  concerned. 
In  foetal  life,  on  the  other  hand,  the  right  side  is  more  subject  to  strain 
than  the  left,  and  it  is  also  more  readily  infected  from  the  placenta. 

The  first  effect  of  the  irritant  is  to  produce  necrosis  of  the  superficial 
layers  of  the  endocardium.  This  is  shown  by  the  failure  of  the  nuclei 
to  stain.  Upon  these  necrotic  patches  the  passing  blood  coagulates  in 
laminated  thrombi.  In  many  of  the  milder  cases,  according  to  some 
observers,  no  further  change  occurs,  at  any  rate  in  the  aortic  valves, 
until  reparative  processes  begin.  According  to  others,  multinuclear 
leucocytes  appear  in  the  neighbourhood,  and  the  endocardium  swells. 
All  agree  that  hyperaemia,  visible  to  the  naked  eye,  is  rare,  and  that 
in  the  mitral  valves,  which  are  more  freely  supplied  Avith  vessels  than 
the  aortic,  exudation  occurs  at  an  earlier  stage. 

The  next  stage  varies  with  the  irritant  and  with  the  treatment. 
(1)  When  the  original  invasion  is  slight  and  the  necrosis  superficial, 
and  when  the  heart's  action  is  as  far  as  possible  reduced,  the 
proliferation  of  tissue-cells,  characteristic  of  repair,  quickly  follows. 
Superficial  parts  of  the  firm  and  minute  thrombi  disappear  and  the 
remainder  becomes  organised  (p.  205).  The  final  result  is  a  slight, 
permanent  thickening  of  the  affected  parts  with  very  slight  narrowing 
or  distortion  of  the  orifice  and  its  valves.  (2)  When  the  irritation  is 
more  intense  or  more  prolonged,  the  necrosed  patches  are  bigger 
and  more  numerous,  while  the  adherent  thrombi  are  proportionately 
larger.  The  term  '-'warty"  endocarditis  is  often  applied  to  this  form 
{endocurdilis  verrucosa)  (Fig.  2.'}2).  Distinct  and  considerable  swelling 
of  the  endocardium  follows,  and  the  orifices  may  be  partly  blocked, 
and  the  valves  rendered,  to  some  extent,  incompetent.  Fragments  of 
sufficient  size  to  cause  embolism  may  be  detached  from  the  thrombi, 
while  pressure  of  the  blood,  e.g.,  on  the  aortic  valves  during  diastole, 
may  produce  a  local  bulging  {(meurij.im  of  valve),  or  even  a  rent  in  that 
part  of  the  valve  where  the  necrosis  of  the  endocardium  on  the  ojjposite 
side  lias  seriously  weakened  its  resisting  power.    In  these  cases  the 
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repamtive  ])rocess  is  delayed,  but  wlieii  it  does  occur,  it  is  attended 
by  imicli  organisation  and,  later  on,  in  some  cases,  by  calcification  of 
the  adherent  thrombi  and  l)y  the  formation  of  much  new  cicatricial 
tissue  in  the  valves  and  their  attachments.  In  this  way  the  extremest 
forms  of  distortion  and  rigidity,  already  alluded  to,  are  produced. 
Sometimes  there  is  but  little  evidence,  either  clinical  or  j)ost-morteni, 
of  any  preceding  acute  disease.  The  changes  are  limited  to  thickening 
and  rigidity  of  the  orifices  and  their  valves.  It  is  i)ossil)le  that 
prolonged  mechanical  strain  without  any  acute  endocarditis  may  give 


253.—  Old  Eiii/ocardi/is — twenty  years  after  acute  attack.  Aortic 
valves  generally  thickened  (a),  adherent  (/>),  and  somewhat  rigid. 
Mitral  valves  thickened,  adherent,  and  calcified  ;  c,  chonUc  tendinea; 
thickened  and  shortened  ;  d,  calcified  masses  jirojecting  through  to 
the  ventricular  side  of  the  valve.  Orifice  behind  valve  is  reduced  to 
a  rigid  button-hole  slit.    Reduced  J. 

rise  to  these  changes,  especially  as  oedema  of  the  chorda'  tendinea; 
has  been  observed,  experimentally,  to  follow  strain,  and  as  the  condition 
is  often  associated  with  chronic  endarteritis,  a  disease  also  largely 
attributable  to  the  same  cause.  Such  changes  are  sometimes  spoken 
of  as  chronic  ciidocardilis,  but  the  use  of  the  term,  if  emj)loyed  at  all, 
should  be  limited  to  the  reparative  stage  of  the  acute  form  (Fig.  253). 

(3)  When  the  disease  is  due  to  an  invasion  of  large  numbers  of 
pyogenic  bacteria,  and  especially  when  this  affects  a  valve  already  the 
subject  of  a  milder  attack,  the  endocardimn  becomes  the  seat  of 
miliary  abscesses,  and  the  ulcerative,  iiialigiiaiil  or  iufcclive  type  of  tlie 
disease  occurs.  The  lesions  in  these  cases  are  not  confined  to  the 
valves,  but  readily  spread  to  all  jiarts  which  come  into  contact  with 
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them.  Rupture  of  an  aortic  valve  and  aneurysm  of  the  heart,  tlu)u<^h 
never  common  accidents,  occur  more  often  in  this  than  in  otlier  forms, 
but  ulcers  in  the  endocardium,  and  septic  infarcts  and  miliary  abscesses 
in  distant  parts,  are  both  usual  and  characteristic. 

Myocarditis. 

Myocarditis,  or  inflammation  of  the  cardiac  Avails,  is  less  frequent 
than  the  preceding. 

1.  Suppurative  inflammation  occurs  as  a  result  of  a  pya;mic 
process.  In  these  cases  colonies  of  micro-organisms  reach  the  muscular 


Fig.  254. — Acute  Rheumatic  Myocarditis,  associated  with  Eiido-  and 
Pericarditis.  To  the  naked  eye,  the  myocardium  was  "  fatty  "  only. 
The  tissues  around  the  artery,  seen  in  longitudinal  section,  arc  in- 
filtrated with  leucocytes,  and  haemorrhage  has  occurred  on  the  right- 
hand  sidt.  Above  this  point  tlie  fibres  are  granular.  A  case  of 
myocarditis  ending  in  sudden  death.    (Mott. ) 

tissue  either  by  way  of  the  coronary  arteries  or  by  direct  extension 
from  an  infective  ulcer  in  the  endocardium.  Collections  of  leucocytes 
gather  round  them  and  the  fibres  in  their  neighbourhood  undergo 
necrosis.  If  the  patient  survive  long  enough  definite  abscesses  are 
formed.  When  the  inflammation  spreads  through  the  wall  of  the 
heart  to  the  endocardium,  thrombosis  may  occur  within  the  ventricle, 
owing  to  the  injury  to  its  lining  membrane.  This  thrombosis  is  gener- 
ally limited  to  the  apical  portion.  When  the  inflannnatory  foci  are 
sutticiently  numerous  the  consequent  weakening  of  the  wall  may  give 
rise  to  aneurysm  :  this  is  usually  preceded  by  septic  pericarditis. 
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2.  A  less  intense  form  of  myocarditis  is  met  with  in  association 
with  pericarditis  and  less  commonly  with  endocarditis.  Here  the 
inflammatory  j)rocess  involves  the  immediately  adjacent  muscular 
layers  of  the  organ  which  are  found  infiltrated  with  small  cells,  the 
fibres  themselves  being  clear  and  structureless  from  coagulation- 
necrosis,  or  softened  and  granular  from  degeneration.  A  still  more 
diffuse  form  of  myocarditis,  in  which  the  heart  is  more  generally  in- 
volved, is  found  in  certain  cases  of  acute  rheumatism,  scarlatina,  and 
other  infective  fevers.  The  microscopic  appearances  are  much  the 
same  as  those  just  described.  Leucocytes  in  varying  numbers  infiltrate 
the  inter-muscular  tissue,  Avhich  may  also  be  the  seat  of  minute  ha?mor- 
rhages.  The  change  is  most  mai'ked  in  the  left  ventricle,  and  is  also 
usually  associated  with  endocarditis  or  {)ericarditis  (Fig.  254). 


Fig.  2S5  —-  '"''"''-y^"'  "f  ""^  Heart,  with  Thrombosis  in  the  Cavity  of  the 
Left  Ventricle,  and  commencing  Pericarditis— hom  a  Case  of  Myo- 
malacia Cordis,  a.  laminated  thrombus  with  softened  centre  occupy- 
ing the  aneurysmal  pouch  in  the  ventricular  walls;  !>,  extension  of 
laminated  thrombus  adherent  to  the  septum  in  the  direction  of  the 
aorta  ;  c,  incision  to  show  nature  of  thrombus  ;  d,  fibrinous  exudation 
on  inflamed  pericardium  ;  e,  e',  wall  of  aneurysm  formed  by  myo- 
cardium ;  /,  wall  of  aneurysm  formed  by  pericardium.    Reduced  J. 
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Myomalacia  Cordis. 

1.  Mtfumalacixi  cordis  is  the  term  applied  by  Zieglei*  to  the  occur- 
rence of  necrosed  areas  in  the  myocardium  as  a  result  of  the  local 
deprivation  of  arterial  blood.  Usually  this  is  due  to  thrombosis  in 
some  branch,  large  or  small,  of  an  atheromatous  or  otherwise  diseased 
coronary  artery.  Occasionally  it  may  be  due  to  embolism.  The  left 
ventricle  is  more  commonly  affected  than  the  right,  and  the  apex  more 


Fig.  256. — A  necnued  Patch  in  the  Myocardium.  At  (a'),  where  the  muscle- 
fibres  hav6  disappeared,  the  structure  consists  of  the  connective- 
tissue  stroma,  and  the  debris  of  necrosed  muscle-fibres.    At  other 
places  engorged  blood-vessels  and  extravasated  blood  {b,  c)  are  seen. 
The  nmscle-fibres  remaining  [a]  have  lost  their  striation.     x  150. 

often  than  any  other  part.  If  the  necrosed  ai'eas  be  large  or  numerous, 
and  extend  to  the  endocardium,  aneurysm  of  the  heart  and  thrombosis 
in  the  cavity  of  the  left  ventricle  (apex)  may  follow  (Fig.  255). 

The  tissue  supplied  by  the  blocked  vessel  generally  undergoes 
coagulation-necrosis,  in  which  process  even  the  connective-tissue  cells 
may  occasionally  participate.  As  a  rule,  however,  in  the  areas  where 
the  muscle-fibres  have  disappeared,  the  connective-tissue  nuclei  still 
stain  readily  (Fig.  256).  Sometimes  the  necrosed  areas  are  infiltrated 
with  blood  from  the  neighbouring  capillaries  (infarction).  If  the 
hsemorrhage  be  copious,  the  colour,  to  the  naked  eye,  will  be  dark  red. 
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If  no  iia-morrhage  occur,  it  will  be  yellow ;  if  llie  haemorrhage  be 
only  sniall  in  amount,  the  affected  portion  may  have  a  red  border  and 
a  yellow  centre,  or  be  of  a  mottled  tint,  according  to  the  extent  of  the 
extravasation.  In  any  case,  the  older  the  lesion  the  greyer  its  colour 
This  change  in  colour  is  due  to  the  reparative  processes  which  follow. 
The  necrosed  areas  soon  become  the  seats  of  a  cellular  tissue  and, 
later  on,  of  a  hard  cicatricial  mass.  When  a  number  of  such  areas  have 
been  thus  replaced  by  scar-tissue,  the  term  fibroid  head  is  applied  to 


the  affected  organ. 


Fibroid  Heart. 


According  to  some  authorities,  mtjovialacia  cordis  is  the  most  fre- 
quent cau.se  of  a  fibroid  heart,  but  many  of  the  cases  of  the  latter 


I  'lCi.  257.  -Fibroid  Heart.  .Showing  broad  strands  of  cicatricial  tissue  (a) 
betw  een  groups  of  muscle-fibres  (b,  i'),  many  of  which  are  entirely 
sciwrated  from  each  other  (c) ;  i/,  oblique  section  through  an  arterj'. 
In  n  similar  section  from  a  normal  heart,  nearly  the  whole  area 
would  be  occupied  by  the  muscle-fibres,     x  75. 

(I'Voni  a  specimen  by  Dr.  Rolleston.) 

disease  may  be  jjrobably  attributed  to  (l)  the  rejiarative  process  follow- 
ing a  gradual  atroi)hy  of  the  fibres,  dependent  on  endarteritis  of  the 
smaller  vessels,  and  on  the  consequent  gradual  diminution  of  the 
blood-supply  ;   (2)  to   a  similar  reparative  process  succeeding  the 
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myocarditis  occurrin<>^  in  some  of  the  infective  fevers  ;  (S)  to 
prolonged  venous  engorgement  of  the  heart ;  (4)  to  the  final  stage 
of  syphilitic  gummata  ;  and  (5)  to  pericarditis.  When  secondary 
to  pericarditis,  the  change  is  usually  most  advanced  in  the  more 
external  portions  of  the  cardiac  walls,  and  commonly  affects  both  the 
right  and  left  ventricles. 

Whatever  the  cause,  the  heart  is  usually  enlarged,  and  fatty  de- 
generation of  the  muscular  fibres  is  found  outside  the  fibroid  areas. 
Moreover,  the  function  of  the  heart  is  materially  impaired,  and  fibroid 
induration  accordingly^  constitutes  one  of  the  gravest  of  all  cardiac 
diseases  (Fig.  257). 


VII.  DISEASES  OF  BLOOD-VESSELS. 

It  is  generally  taught  that  the  middle  and  inner  coats  of  arteries 
are  non-vascular,  the  vam  rawrinii  not  penetrating  beyond  the  external 


Fig.  258. — Scc/io/i  of  ait  .it/ieivinatoits  Aorta:  the  intima  is  much 
.thickened  (/) ;  passing  in  from  the  e.vterna  through  the  media  are 
vessels,  about  which  haimorrhagc  (//)  h.is  occurred  ;  the  lumina  of 
the  main  trunks  of  these  (f)  in  tlic  externa  are  almost  obliterated  by 
an  endarteritis.    (Mott. ) 

coat ;  and  that  the  intima  is  nourished  by  the  blood  in  the  lumen  of 
the  vessel.  But  Mott  has  shown  that  the  vasa  vasorum  may  enter  the 
media,  even  in  normal  arteries,  and  has  suggested  that  the  apertures 

2  I- 
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in  tlie  inenibraiia  f'eiiestriita  may  allow  fluids  to  pass  from  the  vasa 
viisorum  into  the  inlima.  In  siij)|)ort  of  the  view  that  the  intima  is 
uot  nourished  solely  by  the  blood  within  the  lumen  of  the  vessel. 
Mott  has  shown  that  it  may  jjersist  round  thrombi,  which  must  have 
cut  oft"  that  source  of  su))ply  (Fig.  IO9). 

iMoreover,  the  proliferative  arteritis,  which  occurs  in  the  organisa- 
tion of  thrombi,  affords  additional  support  to  this  conclusion  (j).  20.5). 
It  is  quite  certain  that,  in  chronic  inflammation  of  the  arteries,  vasa 
vasorum  frequently  penetrate  into  the  middle,  and  even  the  inner, 
coat  (Fig.  258). 

Degenerative  Changes  in  Arteries. 

The  walls  of  arteries  are  liable  to  various  forms  of  degeneration. 
Falttj  degeneralion  may  affect  the  intima  or  the  media  (p.  44) ;  ki/a/inr 
degeneration  is  generally  limited  to  the  intima  (p.  4.9) ;  while  ami/luld 
disease,  though  commencing  in  the  intima,  frequently  involves  all  three 
coats  (p.  50).  Calci/ication  is  generally  secondary  to  one  or  other  of 
the  foregoing  degenerations  (p.  fi2). 

Inflammation  of  Arteries. 

(1)  Infective  Arlerilis. — In  this  disease,  j)yogenic  cocci  are  conveyed 
to  the  wall  of  an  artery,  either  by  its  vasa  vasorum  or  by  the  blood 
within  its  lumen,  and  there  give  rise  to  an  abscess.  In  most  cases 
this  is  found  in  the  media,  or  between  the  media  and  the  adventitia. 
The  wall  is  softened  and  infiltrated  with  leucocytes,  and,  in  places,  a'l 
trace  of  its  original  structure  may  be  lost.  Thrombosis,  dilatation  of 
the  lumen  {(uicunjsni),  and  rupture  of  the  vessel  are  common  results  of 
this  condition. 

An  acute  form  of  arteritis,  known  as  periarteritis  nodosa,  is  described- 
It  may  affect  all  artei'ies  except  the  pulmonary,  and  is  characterised 
by  the  presence  of  nodules  on  the  outside  of  the  vessels,  representing 
inflammatory  foci  and  involving  the  adventitia  and  media.  Such  cases 
are  probably  of  infective  oi'igin  :  many  are  attributable  to  syphilis,  a 
similar  condition  being  found  in  gummata. 

(2)  Proliferative  Arteritis. — Thickening  of  the  intima  and  media, 
by  proliferation  of  their  component  cells,  is  sometimes  met  with.  It 
is  accompanied  by  diminution  of  the  lumen  of  the  vessel,  and  occa- 
sionally by  complete  obliteration  (p.  204).  This  condition  frequently 
follows  torsion,  ligature  and  other  injuries,  embolism,  and  thrombosis. 
The  cause,  whether  it  be  some  irritant  conveyed  by  the  vasa  vasorum, 
or  some  kind  of  mechanical  damage,  is,  in  most  cases,  non-infective : 
but  micro-organisms  are  occasionally  met  witli,  presumably  of  a  low 
degree  of  virulence. 
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(3)  Aoiiitis. — A  special  form  of  arteritis  is  described  in  connection 
with  the  aorta.     It  leads  to  the  formation  of  small,  pearly,  pinkish 
patches  slightly  raised  above  the  surface  of  the  intima.    These  are 
mainly  due  to  a  proliferation  of  the  cells  of  the  jjart :  parietal  thrombi 
may  be  deposited  on  their  surface. 

Arterio-sclerosis. 

This  tenn  includes  all  chronic  degenerative  changes  peculiar  to 
arteries,  other  than  those  immediately  due  to  syphilis. 

'I'wo  forms  are  generally  described,  the  nodular  and  the  di/fu,sc. 
(1)  The  nodular  form,  often  known  as  atheroma,  affects  chiefly  the 


Fig.  259. — Oblilenitive  Arteritis  oj  Internal  Carotid,     x  12. 
(From  a  specimen  by  Dr.  RoUeston. ) 

arger  vessels  and  those  at  the  base  of  the  brain.  In  its  early  stages  it 
takes  the  form  of  gelatinous,  slightly  raised,  yellowish  patches,  covered 
by  endothelium.  In  cases  of  long  standing,  firm,  fibrous,  or  calcified 
j)lates,  covered  with  endothelium  or  exposed  to  the  blood-stream,  may 
be  present.  The  circumference  of  the  lumen  is  not  uniformly  affected 
(Fig.  259),  although  complete  rings  may  be  found  round  the  mouths  of 
branches  where  they  leave  the  main  trunk.  The  arch  of  the  aortii,  a 
common  seat  of  the  change,  is  often  so  studded  with  small,  thickly 
set,  raised    plaques,  that   it  resembles  crocodile-skin.  Sometimes 
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the  patches  of  new  tissue  may  iinderfro  fattj-  def^eneratioii,  and 
subsequently  softening.  In  the  hitter  case,  soft,  yellowish,  pultaceous 
material,  consisting  of  fatty  debris  and  cholesterin  crystals,  is  found  in 
the  deeper  layers  of  the  intima.  This  has  been  termed  an  alherovudom 
abscess.  If  the  superficial  layers  of  the  intima  degenerate  or  are  torn, 
the  degenerated  products  may  be  disciiarged  into  the  blood-stream 
and  an  allieromatous  ulcer  be  left. 

The  orifices  and  branches  of  the  coronary  arteries  are  particularly 


Fig.  260. — Arteriosclerosis  [At/icroiiia)  of  the  Aorta.  Shouiiig  the 
localised  thiclcening  of  the  inner  coat,  and  the  apparent  bulging 
inwards  of  the  vessel.  Some  of  the  new  tissue  has  undergone 
fatty  degeneration.  There  is  also  some  thickening  of  the  middle 
coat.    /,  internal  ;  ot,  middle ;  e,  e.xternal  coat  of  vessel,     x  25. 

liable  to  atheromatous  changes,  and  are  often  much  narrowed.  The 
blood-supply  of  the  heart  is,  in  these  cases,  proportionately  lessened, 
and  the  tendency  to  fatty  degeneration  of  its  muscular  walls  increased. 
It  is  by  no  means  certain  that  the  patches,  which  project  into  the 
lumen  after  death  (Fig.  260),  do  so  during  life  ;  for  Thoma  found  that 
if  atheromatous  arteries  were  injected  with  melted  paraffine,  at  a 
pressure  equal  to  that  of  the  blood-stream,  the  solid  casts  obtained 
were  cylindrical  and  showed  no  corresponding  depressions. 

Under  the  microscope,  in  the  earliest  stages  of  the  process,  the  dcei)er 
layers  of  the  intima  are  found  to  be  much  thickened.  The  thickening 
is  probably  due  to  a  proliferation  of  the  component  cells,  and  the 
proliferation  may  possibly  be  the  result  of  the  action  of  bacterial 
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products  or  of  some  other  irritant.  Many  of  the  new  cells  may 
develop  into  fibrous  tissue,  resulting  in  a  dense  fibroid  plaque  or  in  a 
more  diffuse  thickening.  Areas  of  fatty  degeneration  are  generally 
found  in  the  central  and  deepest  ])arts  of  these  patches  of  fibrous 
tissue.  The  muscle-fibres  of  the  middle  coat  become  swollen  and 
undergo  hyaline  degeneration,  while  the  elastic  tissue  atrophies,  its 
fibres  being  sometimes  ruptured. 

(2)  The  diffuse  form  affects  smaller  arteries  and  causes  great 
thickening  of  their  walls,  with  a  marked,  if  not  proportionate^  diminu- 
tion of  their  lumina.  The  changes  are  more  uniformly  distributed  than 
in  the  nodular  form  of  the  disease.  Both  the  intima  and  media 
undergo  hyahne  degeneration,  and  the  internal  elastic  lamina  in  many 
places  disappears.  This  condition  corresponds  to  the  niieiio-capil/nnj 
Jibrosii  of  CjuU  and  Sutton,  and  is  found  associated  with  hypertrophy 
and  fibrosis  of  the  heart  and  atrophy  of  the  kidneys  (^granular  contracted 
hidneij) — the  commonest  form  of  chronic  Bright's  disease. 

RESULTS. — It  is  obvious  that  the  changes  which  have  been 
described  will  gradually  impair  the  strength  and  elasticity  of  the  vessel- 
walls,  and  thus  affect  the  circulation  in  the  parts  beyond.  Moreover,  the 
diminution  of  the  lumen,  and  the  change  in  the  lining  membrane  of 
the  vessel,  will  predispose  to  thrombosis  and  occasionally  give  rise  to 
embolism.  On  rare  occasions  the  narrowing  of  the  vessel  may  be  so 
great  as  practically  to  obliterate  the  lumen  and  to  produce  gangrene 
of  the  parts  supplied.  This  condition  is  often  spoken  of  as  oblitcrntivc 
arteritis,  and  is  by  some  regarded  as  a  distinct  disease.  The  loss  of 
strength  in  the  vessel-wall  will  cause  it  to  give  way  under  the 
constant  j)ressure — aneurysm.  General  dilatation  of  the  vessel 
may  result :  when  this  is  extreme,  it  is  known  as  a  fusiform  aneurysm. 
When  the  vessel  is  especially  weakened  at 
one  spot — for  instance,  by  the  formation  of  an 
atheromatous  ulcer  or  by  the  rupture  of  its 
middle  coat — a  local  dilatation  or  sacculated 
aneurysm  may  occur  (Fig.  26l).    When  this 

has  reached  a  certain  size,  its  wall  may  rup-         ,  "  ,..].  . 

'  ,  iMC;.  261. — MiUaryAiicurysms 

ture,  and  fatal  hajmorrhage  result.    If  the  onaBranclioftlieMiddlc 

external  coats  have  been  uniformly  strength-     Cerebral  Artery,  {vamTs.C^'itt 

ened  by  the  formation  of  chronic  inflammatory     "!",  '-''^'  eb'  al  Ha.-morrhage. 

I  liey  are  not  unlike  birds' 
tissue  in  them,  this  result  will  be  jiropor-     nests  in  .1  tree.  (Mott.) 

tionately  delayed.    If  an  atheromatous  abscess 

bursts  before  the  tissues  round  its  margin  have  been  matted  together 
by  fibroid  growth,  the  blood  may  find  its  way  into  the  substance  of  the 
media,  and,  making  for  itself  a  cavity  between  the  coats  of  the  vessel, 
form  a  dissecting  aneurysm.  This  occurs  only  in  the  aorta  and  its 
largest  branches.    Ultimately  the  blood  may  burst  either  through  the 
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externa  into  the  surrounding  tissues,  or  through  the  iniima  into  the 
hnnen  of  the  vessel. 

The  affected  jiarts  show  the  usual  results  of  impaired  blood-supply 
(pp.  24,  34,  1()8). 

.ffiTIOLiOGY. — Arterio-sclerosis  inust  unquestionably  be  classed 
amongst  senile  changes.  Like  other  senile  manifestations,  it  occurs 
much  earlier  in  some  persons  than  in  others.  It  is  highly  probable 
that  it  is  also  /leredifari/,  a  belief  mainly  based  ujion  the  early  occurrence 
of  arterial  degeneration  in  those  whose  ancestors  have  succumbed  to 


Fig.  262. — External  Coat  of  Aorta  in  an  Early  Stage  oj  Aiicrio- 
sclcrosis,  showing  peri-arteritis  and  cell-infiltration  from  the  vasa 
vasorum.  The  walls  of  the  vasa  vasorum  seen  in  section  are  much 
thickened.    It  was  a  markedly  syphilitic  case,    x  no.    (Mott. ) 

apoplexy.  Its  advent  is  also  accelerated  bj'  the  presence  of  gout, 
alcoholism,  plumbism,  syphilis,  mechanical  strain,  and  any  cause  which 
increases  the  blood-pressuiT.  Goul,  alcolio/u-m,  and  plmnbixtn  are  asso- 
ciated with  abnormal  metabolism.  Syphilis,  in  addition  to  the  equally 
pernicious  influence  of  its  assumed  toxin,  causes  endarteritis  of  the 
vasa  vasorum  (Mott)  (Fig.  262).  The  proofs  that  mechanical  x/rain  has 
a  special  influence  in  its  production  are  :  (l)  the  much  greater  frequency 
of  arterio-sclerosis  in  the  aortic  than  in  tlie  pulmonary  system ; 
(2)  its  occurrence  in  the  latter  when  its  blood-pressure  is  raised,  as  in 
mitral  obstruction  ;  (3)  its  relative  frequency  in  those  systemic  arteries 
which  are  most  exposed  to  strain,  especiallj'  the  arch  of  the  aorta : 
and  .(4)  its  presence  in  conditions  accompanied  by  rise  of  blood- 
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pressure.  Athletes,  and  those  engaged  in  laborious  occujiations,  are 
s]iecially  liable  to  the  disease. 

PATHOLOGY. — There  is  no  generally  accepted  explanation  of 
the  processes  which  culminate  in  advanced  arterio-sclerosis.  Thonia, 
whose  work  on  this  subject  is  very  exhaustive,  believes  that  loss  of 
dasticitv  in  the  arterial  walls  is  the  primary  change.  This  is  followed 
bv  distension  of  the  affected  vessel  and  slowing  of  the  blood-stream. 
Compensatory  thickening  of  the  intima  follows,  tending  to  reduce  the 
calibre  of  the  dilated  vessels  to  its  original  size,  and  so  maintain  the 
normal  rate  of  blood-stream.  Unfortunately  the  nuti*ition  of  the  new 
tissue  cannot,  in  most  cases,  be  maintained — hence  degeneration  of 
the  thickened  intima  follows.  Thoma  found  that  the  local  patches  of 
tiiickened  intima  exactly  corresponded  to  the  places  where  the  media 
was  giving  way,  and  obtained  additional  evidence  in  favour  of  his  view 
by  the  injection  of  the  blood-vessels  already  referred  to  (p.  452).  In 
Thoma's  opinion,  the  thickening  of  the  intima  is  a  conservative  process. 

By  these  changes  the  vessel  is  converted  into  a  more  or  less  rigid 
tube,  and  the  circulation  is  proportionately  impaired.  This  difficulty 
is  overcome  by  the  increased  action  and  hypertrophy  of  the  left 
ventricle  of  the  heart.  But  this  hypothesis  does  not  explain  why 
primary  weakening  occurs.  Mott's  view,  that  this  is  due  to  an 
endarteritis  of  the  vasa  vasorum,  which  is  frequently  present,  is  in 
many  cases  highly  probable  (Fig.  258).  In  others,  the  loss  of  elasticity 
may  be  a  true  senile  change,  as  it  often  seems  to  be  in  emphysema. 

Inflammation  of  Veins. 

Inflammation  of  veins  (phlebitis)  is  very  analogous  to  inflammation 
of  arteries.  Acute  infective  phlebitis  is  decidedly  more  frequent  than 
acute  infective  arteritis.  In  most  cases  it  is  due  to  the  presence  and 
growth  of  organisms  (cicitte  suppurative  phlebitis).  The  wall  of  the 
vein  becomes  swollen  and  densely  infiltrated  with  multinucleated 
leucocytes.  All  appeai'ance  of  normal  structure  is  lost,  the  cells 
nearest  the  lumen  die  and  are  cast  off,  as  in  the  wall  of  an  abscess, 
into  which  the  wall  of  the  vein  has  been  practically  converted  (Fig.  263). 
Septic  thrombosis  follows  and,  in  many  cases,  pya?mia. 

^on-infective  and  proliferative  phlebitis  are  due  to  the  same  causes, 
and  present  the  same  appearances,  as  the  similar  affections  of  arteries. 
A  recurrent  phlebitis,  especially  common  in  the  internal  saphenous 
vein,  is  frequently  met  with  in  gout. 

A  phleho-sclerosis,  somewhat  similar  to  arterio-sclerosis,  may  be 
found  in  the  pulmonary  veins  in  cases  of  mitral  stenosis,  and  in  the  portal 
veins  in  cirrhosis  of  the  liver,  as  well  as  combined  with  arterio-sclerosis, 
and  due  to  the  same  causes. 
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l'"lG.  263. — Section  through  a  Portal  Canal  in  a  Case  of  Sufpurative  Pyle- 
phlebitis arising  in  connection  with  "umbilical  pytemia."  The 
vein-wall  (V)  is  converted  into  granulation-tissue.  Lumen  of  %ein 
is  below  on  the  left,     x  60.  (Boyd.) 


Varicose  Veins. 

In  some  joersons  especially  jjredisposed,  constant  but  comparatively 
slight  increase  of  the  pressure  in  the  veins  of  the  legs,  spermatic  cord, 
or  rectum,  will  produce  an  irregular  but  very  marked  dilatation 
lengthening,  and  tortuosity  of  the  vessels  in  question.  Portal  obstruc- 
tion will  produce  the  same  results  in  the  veins  of  the  haemorrhoidal 
plexus  apparently  withotit  any  predisposition.  Other  veins  are  similarly, 
but  less  frequently,  affected.  The  dilatation  and  other  changes  may 
be  accompanied  by  thickening  of  the  walls,  due  to  the  formation  of 
filjrous  tissue. 

When  the  dilatation  is  mainly  saccular  in  form,  the  walls  may  be 
exceedingly  thin  and  easily  rupture  :  this  is  frequently  the  case 
when  the  rectal  veins  are  involved  [ha-morrhoids).  The  jirojccting 
skin  or  mucous  membrane  covering  varicose  veins  is  especially  liable 
to  friction.  The  excoriation  thus  produced  is  followed  by  i)rogressive 
ulceration,  which  only  heals  when  the  increased  venous  jiressure  is 
I'emoved.  When  the  friction  is  less  severe,  overgrowth  of  the 
surrounding  connective-ti.ssue  may  occur.  Thrombi  and  phleboliths 
may  be  found  within  the  dilated  veins. 
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VIII.  DISEASES  OF  THE  RESPIRATORY  ORGANS. 

Pneumonia. 

In  tile  lungs,  inflammatory  processes  may,  for  convenience  of 
description,  be  divided  into  three  varieties :  (1)  Croupous,  lobar,  or 
acute  pneumonia ;  (2)  catarrhal,  lobular,  or  broncho-pneumonia ;  and 
(o)  iutcrxlUial,  or  chronic  pneumonia. 

1.  Acute,  Croupous,  or  Lobar  Pneumonia. 

Acute  Pneumonia  is  an  infective  disease  characterised  by  inflamma- 
tion of  the  lung,  leading  to  the  solidiflcation  of  a  considerable  area  of 
the  organ.  It  is  usually  limited  to  one  lung,  and  the  right  is  most 
frequently  aff'ected.  The  inflammation  starts  in  the  substance  of  the 
lung,  from  a  focus  which,  in  the  majority  of  cases,  is  in  the  lower  jiart 
of  the  lower  lobe.  The  disease  extends  by  continuity  of  tissue  from 
this  primary  focus.  The  consolidated  portion  may  exactly  correspond 
to  a  single  lobe,  though  quite  as  often  it  is  less  or  more  than  this. 

The  inflammation  of  the  lung  is  always  accompanied  by  inflamma- 
tion of  the  pleura  over  the  inflamed  area,  and  sometimes,  owing  to  the 
spread  of  the  infection,  by  that  of  the  peritoneum  and  pericardium. 
The  bronchial  glands  are  inflamed  and  swollen,  the  mediastinal  con- 
nective-tissue is  frequently  cedematous,  and  acute  secondary  meningitis 
occasionally  supervenes.  The  disease  is  accompanied  by  a  high 
temperature,  beginning  with  a  sudden  rise  (p.  254)^  and  ending  by 
crisis:  cloudy  swelling  of  organs  results.  Death,  when  it  occurs,  seems 
to  be  due  to  cardiac  failure,  induced  by  general  poisoning. 

.ETIOLOGY. — This  disease  was  formerly  attributed  to  a  chill, 
and,  in  certain  cases,  its  connection  with  exposure  to  cold  and  damp  is 
very  striking.  Exposure  is,  however,  only  a  predisposing  cause,  for  it 
occurs  in  but  a  small  minority  of  the  cases.  Moreover,  although  the 
disease  is  most  prevalent  in  the  early  Spring,  it  does  not  especially 
affect  those  who  are  most  exposed  to  the  vicissitudes  of  the  weather, 
nor  does  its  prevalence  rise  and  fall  with  that  of  bronchitis. 

Similarly,  depressed  health  is  only  a  predisposing  cause.  Typically 
healthy  people  are  often  affected,  but  it  is  especially  liable  to  occur  as 
a  complication  in  cases  of  erysipelas,  typhoid  fever,  chronic  alcoholism, 
and  other  debilitating  diseases.  Pneumonia  is  prone  to  recur  in  a 
person  who  has  once  suffered  from  it. 

The  disease  is  occasionally  so  prevalent  as  to  be  practically 
epidemic.  Small  outbreaks  occasionally  occur  in  wards,  prisons,  and 
similar  places  ;  and  the  disease  is  sometimes  endemic  in  a  house,  from 
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time  to  time  attacking  different  people  in  it;  but  there  is  no  evidenct- 
that  it  is  contagious. 

PATHOLOGY. — Acute  pneumonia  is  a  general  infective  disease 
in  whicii  the  iuHanmiation  of  the  lung  is  the  characteristic  local  lesion. 
This  is  shown  by  the  typical  course  of  the  fever,  ending  usually  in  a 
crisis  between  the  fifth  and  eighth  days,  and  by  the  absence  of  any 
constant  relationship  between  the  extent  of  the  local  inflammation  and 
the  intensity  of  the  fever. 

In  the  large  majority  of  cases  the  disease  seems  to  be  due  to  the 
growth  of  the  Diplococcus  pneumonia;  (p.  297).  Less  commonly  Fried- 
lander's  bacillus,  streptococci,  or  the  bacilli  of  tuberculosis,  typhoid 
fever,  or  diphtheria  have  been  found,  especially  in  pneumonia  occurring 
in  the  course  of  other  diseases.  But  even  in  these  secondary  pneumonias 
the  Diplococcus  pneumonia;  (pneumococcus)  is  the  organism  most 
frequently  met  with.    The  precise  method  of  infection  is  unknown. 

The  pneumococcus  exists  normally  in  the  mouth,  aiid  can  generally 
be  found  on  the  surface  of  the  tonsils.  Indeed,  all  the  organisms  just 
mentioned  may  be  met  with  in  the  air-passages  of  persons  free  from 
pneumonia.  Experimentally,  any  of  these  organisms  may  be  blown 
into  the  trachea  without  causing  this  disease  ;  but  jjneumonia  follows 
(1)  if  dust  be  simultaneously  injected;  or  (2)  if  the  animals,  after 
being  kept  warm,  are  suddenly  immersed  in  a  cold  bath  at  the  time  of 
the  injection. 

MORBID  ANATOMY. — The  local  process  is  characterised  by 
intense  inflammatory  hypera;mia  of  the  lung,  and  by  the  exudation  of 
a  large  amount  of  coagulable  material  into  the  pulmonary  tissue.  It 
is  termed  "croupous  "  from  the  fibrinous  character  of  the  exudation. 
The  term  "lobar  "  is  applied  to  it  because  it  almost  invariably  affects 
an  extensive  portion  of  the  lung.  The  process  is  commonly  described 
as  consisting  of  three  stages — (1)  that  of  engorgement  ;  (2)  that  of  red 
hepalisalion  ;  and  (3)  that  of  grey  hepalisatioii. 

In  the Jirsl  stage,  that  of  engorgement,  small  patches  of  lung-tissue, 
onlj'  visible  in  lai-ge  thin  sections,  become  intensely  hypereemic  and 
rapidly  run  together  to  form  a  large  uniformly  engorged  dark  red  area. 
The  weight  of  this  congested  portion  of  the  lung  is  increased,  its 
elasticity  is  diminished,  its  substance  is  less  crepitant  and  more  friable 
than  natural,  and  its  surface  pits  upon  pressure.  On  section,  it  yields 
a  reddish,  frothy,  tenacious  liquid. 

KlG.  264. — Acute  Lobar  Pneuiiwnia.(Red Hefiatisatioii).  Vertiral  .Section  through  Left  Lung.  A,  ti, 
advancing  margin  of  pneumonic  area,  with  hyper.x*mic  edge  ;  ha:morrhagic  areas ;  />,  fissure 
between  upper  and  lower  lobes ;  E,  normal  lung  ;  /•■,  l.-irger  bronchi ;  d",  Ijronchial  glands  with 
pigment ;  //,  consolidated  area  ;  /,  /',  pulmonary  vein  ;  A',  engorged  area,  showing  commence- 
ment of  pneumonic  process.  Ketween  K  and  li  several  of  these  areas  may  l>c  seen.  In  this 
specimen,  contrary  to  tlic  usual  rule,  the  pneumonia  conunenced  in  the  upper  lobe  and  spread 
downwards,  death  ensuing  on  the  fifth  day.    X  J. 


4f)()    DISEASES  OF  SPECIAL  TISSUES  AND  ORGANS 


In  the  .second  stage,  that  of  red  hepatisation,  there  is  an  exuda- 
tion of  fluid  and  blood-corpuscles  into  the  ])uhii()iiar3'  tissue.  Some  of 
the  vessels  may  also  ruj)ture  and  small  extravasations  occur.  The 
exuded  liquids  coagulate  witliin  the  air-vesicles  and  terminal  bronchi- 
oles, and  form  a  semi-transparent  coagulum  enclosing  i*ed  corpuscles 
and  leucocytes  in  its  meshes  (l""ig.  The  fibrin-filaments,  accord- 

ing to  Weichselbaum,  are  much  thicker  and  more  numerous  in  cases 
due  to  the  Diplococcus  pneuraoniaD.  Contrary  to  the  usual  rule  in  acute 
inflammations,  the  uninucleated  leucocytes  are  as  plentiful  as  the 
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Fig.  zds— Acute  Lobar  Pneumonia  (Red  Hepatisation).  a,  alveolus 
containing  fibrin-filaments  and  a  few  blood-corpuscles  ;  b,  alveolus 
containing  a  larger  proportion  of  corpuscles;  c  and  d,  desquamated 
alveolar  epithelium  ;  v,  \  ein.  Most  of  the  red  blood-corpuscles  in 
the  aheoli  are  stained  ;  those  in  the  vein  arc  unstained,     x  120. 

multinucleated  :  both  forms  may  contain  pneumococci.  The  lung  is 
now  much  heavier  than  in  the  preceding  stage,  and  is  increased  m 
size,  so  as  to  be  often  marked  by  the  ribs.  The  affected  jiortion  can 
be  recognised  before  a  section  is  made,  for  the  pleura  over  it  is 
hypersemic,  opaque,  and  covered  with  fibrinous  exudation,  while  the 
distension,  firmness,  and  dark  purple  colour  of  the  lung  beneath  cannot 
escape  notice.  It  is  quite  solid,  sinks  in  water,  and  cannot  be  arti- 
ficially inflated.  It  does  not  crepitate  imder  the  fingers,  and  is 
remarkably  friable,   breaking   down    readily  with  a  soft  granular 
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fracture.  The  cut-surface  has  a  granular  appearance,  seen  especially 
when  the  tissue  is  torn.  This  is  owing  to  the  small  masses  of  coagu- 
lated exudation,  which  project  from  the  alveoli  they  fill.  There  is  no 
lobulation  of  the  margin  of  the  inflamed  area,  no  outlying  racemose 
nodules  or  other  indication  of  infection  spreading  by  the  bronchi 
The  colour  is  of  a  dark  reddish-brown,  here  and  there  passing  into 
grey.  This  admixture  with  grey  sometimes  gives  a  marbled  appear- 
ance. The  red  colour  is  due  chiefly  to  vascular  engorgement,  but 
partly  to  extravasated  red  corpuscles.  Throughout  this  stage  the 
vessels  in  the  alveolar  walls  are  engorged,  while  the  alveolar  epithe- 
lium is  usually  swollen  and  granular.  If  a  section  of  the  spreading 
edge  be  examined  at  this  stage  it  will  be  found  intensely  hyperaemic. 
The  hyperaemia  extends  irregularly  into  the  adjacent  tissue  (Fig.  264). 

The  third  stage,  that  of  grey  hepatisation,  is  characterised  by  a 
marked  emigration  of  leucocytes,  and  by  more  extensive  degenerative 
changes  in  the  alveolar  epithelium.    The  alveolar  walls  are  infiltrated, 
and  the  alveoli  distended  with  the  emigrated  leucocytes.    The  walls 
and  the  contents  of  the  alveoli  now  assume  a  uniform  appearance,  and 
the  granular  appearance  of  the  red  stage  is  lost  (Fig.  265).  The 
fibrinous  material  next  disintegrates,  and  the  white  cells  rapidly 
undergo  fatty  changes,  whilst  the  red  are  decolourised,  so  that  the 
alveoli  are  seen  to  be  full  of  granular  elements,  which  in  many  parts 
have  lost  their  distinctive  outlines  (Fig.  266).    Occasionally,  when 
this  stage  is  unusually  advanced,  the  alveolar  walls  may  be  found, 
here  and  there,  partially  destroyed.    The  weight,  density,  and  friability 
of  the  lung  are  now  even  greater  than  in  the  stage  of  red  hepatisation. 
The  tissue  is  soft  and  pulpy,  and  a  puriform  liquid  exudes  from 
its  cut-surface.    The  most  prominent  feature,  however,  is  the  differ- 
ence in  the  colour  of  the  organ.     Instead  of  a  dark  reddish-brown 
colour,  the  section  now  appears  a  grey  or  yellowish-white,  marbled  by 
the  tracts  of  pigment-bearing  connective-tissue.    The  pallor  is  owing 
partly  to  the  fatty  degeneration  which  the  cells  have  undergone,  and 
partly  to  the  2)ressui'e  exercised  upon  the  blood-vessels  by  the  exuded 
substances  and  newly-formed  cells ;  but  since  Rindfleisch  has  shown 
that  it  is  always  easy  to  inject  the  vessels,  it  would  seem  likely  that  a 
good  deal  of  the  pallor  is  due  to  the  fall  in  blood-pressure  after  death. 
The  stage  of  grey  hepatisation,  when  far  advanced,  has  been  termed 
"suppuration,  or  purulent  infiltration,  of  the  lung."    This,  in  all 
probability,  only  occurs  in  fatal  cases. 

Although  these  three  stages  of  the  pneumonic  process  have  been 
described  as  succeeding  one  another  in  orderly  succession,  it  must  be 
remembered  not  only  that  each  stage  does  not  occur  simultaneously 
throughout  the  whole  of  the  affected  area  of  the  lung,  but  that 
in  some  cases  it  is  more  accurate  to  speak  of  only  two  stages — 
engorgement    and   licputimtion.     Patches  of  grey   hepatisation  may 
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be  found  in  recently  invaded  parts  of  the  lung,  and  patches  of  red 
hepatisation  in  those  portions  which  were  earliest  affected.  T\u- 
exact  characters  of  these  changes  not  improbably  depend  on  the 
j)resence  of  centres  of  infection,  on  the  nature  and  virulence  of  the 
organisms  present,  and  on  the  local  conditions  influencing  tiieir  growth. 
According  to  this  explanation,  the  exudation  first  filling  tiie  alveoli 


Fig.  266. — Acute  Lobar  Pneumonia  (Grey  Hepatisation).  Lobules  full 
of  degenerating  leucocytes  and  fluid  exudation  ;  and  two  veins 
full  of  red  blood-corpuscles,     x  100. 

remains  unaltered  until  degeneration  and  disintegration  set  in. 
The  bronchi  in  the  affected  area  are  always  inflamed,  and  usually 
contain  a  viscid,  blood-stained,  rust-coloured  mucus,  which  forms  the 
characteristic  expectoration.  Sometimes  the  sputum  is  dark  and 
watery,  like  prune-juice.  This  is  probably  owing  to  the  addition  of 
serous  exudation  from  neighbouring  parts  of  the  linig. 

TERMINATIONS.— If  the  patient  survive  the  stages  of  the 
disease  already  described,  the  pneumonic  process  will  end  in  one  of 
four  ways. 

1.  Resolution. — The  gradual  return  of  the  lung  to  its  normal 
condition  is  the  most  frequent  termination  of  croupous  pneumonia.  This 
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is  effected  by  the  fatt}'  degeneration  and  liquefaction  of  the  inflamma- 
tory products  wliicJi  have  accumulated  within  the  alveoli.  Thus  altered, 
they  are  removed  principally  by  absorption  and,  to  a  less  extent,  by 
expectoration.  This  process  is  assisted  by  the  return  of  the  blood-vessels 
to  a  normal  condition  and  the  re-establishment  of  the  circulation. 

2.  Gangrene. — This  result  is  rare,  and  is  chiefly  found  in 
drunkards  and  in  jiersons  of  debilitated  constitution.  Two  conditions 
appear  to  be  principally  concerned  in  bringing  about  this  result : 
(1)  the  interference  with  the  supply  ot  blood  by  the  formation  of 
coagula  in  the  pulmonary  and  bronchial  vessels,  together  with  con- 
siderable haemorrhage  into  the  pulmonary  tissue  ;  and  (2)  the  local 
toxic  influence  of  some  special  form  of  septic  infection.  The  gangrene 
is  usually  limited  to  a  small  area  of  the  pneumonic  lung,  and  is  either 
diffused  or  circumscribed.  In  the  former,  the  emendation  and  lung-tissue 
in  the  gangrenous  area  form  an  ill-defined,  semi-diflluent,  dirty  grey, 
fcetid  substance ;  in  the  latter,  an  abscess  cavity  containing  a  pulpy 
slouffh  of  similar  colour  and  odour. 

3.  Abscess. — The  formation  of  abscess  is  also  a  rare  result  of 
])neumonia.  It  occurs  under  conditions  similar  to  those  which  pre- 
dispose to  gangrene,  which  indeed  it  not  infrequently  follows. 
Abscess  is  commoner  in  the  upper  than  in  the  lower  lobes.  It  may 
follow  circumscribed  gangrene,  or  it  may  arise,  as  in  other  places, 
from  the  growth  of  pyogenic  cocci  without  any  necrosis  visible  to  the 
naked  eye.  When  jjreceded  by  gangrene,  the  necrosed  tissue  may  be 
expelled  through  the  bronchi,  and  the  resulting  cavity  heal  by  granula- 
tion and  cicatrisation.  Abscesses  formed  in  these  ways  are  usually 
single,  and  thus  differ  from  those  due  to  ])ya?mia. 

4.  Chronic  Pneumonia. — If  the  inflammatory  process  does  not 
subside,  and  the  exudation  is  not  absorbed,  the  alveolar  walls  gradually 
become  thickened  by  the  growth  of  fibrous  tissue.  In  rare  cases  the 
intra-alveolar  exudation  becomes  organised  (p.  521).  These  changes 
lead  to  a  general  induration  of  the  affected  part  of  the  lung.  This 
termination  of  croupous  pneumonia  is  comparatively  rare. 

2.  Lobular,  Catarrhal,  or  Broncho-pneumonia. 

Broncho-pneumonia  is  an  inflammation  of  the  lung,  due  to  an 
irritant  entering  by  the  bronchi.     This  irritant  gives  rise  to  an 
inflammation  of  the  smaller  bronchi,  spreading  to  the  bronchioles  and 
alveoli.    As  soon  as  the  substance  of  the  lung  is  involved  the  term 
bronclK)-pneumonia  "  is  a])plicable. 

.ffiTIOLOGY.  Broncho-pneumcmia  is  es])ecially  frequent  in 
young  children  and  in  aged  ])ersons,  and  often,  in  such  cases,  ends 
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fatally.  This  result  is  due  to  the  interference  with  Liie  entrance  of  air 
tlirough  the  inflamed  bronchioles,  to  tiie  limitation  of  the  oxygenatiiifr 
area,  and  to  the  absorption  of  toxines.  The  immediate  causes  of  deatli 
are,  therefore,  aspiiyxia  and  cardiac  failure. 

There  are  many  irritants  whicli,  gaining  access  to  the  air-passages, 
can  excite  inflammation  of  the  bronchioles  and  subsequently  of  the 
alveoli.  Among  these  may  be  mentioned  (1)  irritant  gases;  (2)  dust 
of  various  kinds,  such  as  particles  of  carbon  (p.  478),  steel,  iron,  or 
stone,  which  differ  in  their  irritant  qualities,  and,  therefore,  in 
the  acuteness  of  the  inflammation  to  which  they  give  rise  ;  and  (3) 
organisms,  of  which  the  most  imjjortant  is  the  Bacillus  tuberculosis — 
for  broncho-pneumonia  is  the  pi-incipal  lesion  in  pneumatogenous 
pulmonary  tuberculosis  (ph/hixix).  Not  infrequently  the  growth  of  tlie 
pneumococcus  may  act  as  the  immediate  causp;  (p.  2.')7).  Moreover, 
septic  organisms,  conveyed  with  portions  of  food  or  of  saliva,  may 
enter  the  air-passages,  especially  when  the  glottis  is  insensitive  or 
paralysed.  Blood  and  putrid  discharges  may  be  sucked  into  the 
bronclii  during  operations  on  the  mouth  or  nose,  or  when  they  occur 
in  wounds  or  diseases  of  these  parts.  Among  other  organisms  whidi 
may  enter  the  lungs  by  aspiration  are  the  actinomyces  and  the  bacilli 
of  diphtheria  and  of  glanders.  (4)  Bronchitis,  whether  simple  or  occur- 
ring in  specific  diseases  such  as  measles,  whooping-cough,  and  variola, 
is  a  common  antecedent  of  broncho-pneumonia. 

All  conditions  depressing  the  general  health  and  strength  predis- 
])ose  to  broncho-pneumonia.  Collapse  of  scattered  lobules  often  seems 
to  precede  the  inflammation,  and,  by  interfering  with  the  circulation  in 
the  affected  alveoli,  may  weaken  the  resistance  of  the  tissues.  But, 
Avhenever  bronchitis  has  reached  the  smallest  tubes,  extension  of  the 
inflammation  to  the  alveoli  may  occur  Avithout  collapse. 

PATHOLOGY. — Broncho-pneumonia  has  been  produced  experi- 
mentally. Animals  have  been  made  to  inhale  irritant  gases  or 
suspended  particles  of  various  kinds.  Further,  b)'  division  of  the 
vagus,  saliva  and  food  have  been  permitted  to  enter  the  air-passages. 
The  resulting  changes  vary  (l)  with  the  xicc  of  the  inhaled  particles, 
and  (2)  with  the  inlenxitij  of  the  irnlation  which  they  are  capable  of 
exciting.  Thus,  very  fine  particles  cause  inflammation  of  widely 
separated  lobules;  larger  ones  block  some  of  the  smaller  bronchi,  and 
cause  collapse  and  secondary  inflammation  of  lobules — results  which 
Iiave  led  to  the  name  of  "lobular  pneumonia."  The  aspiration  of  a 
quantity  of  septic  discharge  or  other  fluid  into  a  bronchus  may  affect 
many  lobules  or  even  a  whole  lobe.  According  to  the  intensity  of  the 
inhaled  irritant,  the  result  may  vary  from  slight  inflammatory  a'dema  in 
a  collapsed  patch,  through  all  stages  of  inflammation  uj)  to  gangrene. 
In  the  tubercular  form  (p.  .'{.50)  the  inflammatory  j)rcducts  caseate. 
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MORBID  ANATOMY. — The  bronchi  are  always  more  or  less 
inHameil  and  contain  thick  mucus.  The  lung-tissue  contains  a  vary- 
injif  number  of  solid  patches,  due  either  to  (1)  collapse  or  to  (2)  m- 
Jiavnnaton/  consolidation.  Emphysema,  with  more  or  less  congestion 
and  a-dema,  is  commonly  found  in  their  neighbourhood. 

Collapsed  patches  are  particularly  common  in  the  lower  lobe, 
especially  along  its  thin  borders.  Sometimes  a  large  portion  of  a  lobe  is 
thus  involved  ;  at  other  times  only  a  few,  small,  isolated  patches.  The 
surfoce  of  the  collapsed  part  is  depressed  below  the  general  surface  of 
the  lung.  It  has  a  dark  bluish  colom*,  and  is  easily  inflated  from  the 
bronchi.  .On  section,  it  is  dark-red,  smooth,  and  shiny.  It  is  tough  and 
non-crepitant,  and  portions  of  it  sink  in  water.  On  closer  inspection 
the  jjatches  are  seen  to  be  more  or  less  conical,  with  their  bases  towards 
the  surface  of  the  lung  and  their  apices  towards  the  bronchi  with 
which  they  are  in  connection.  The  pleura  over  a  patch  of  collapsed 
lung  is  normal. 

Pneumonic  patches  are  of  conical  form,  and  are  airless,  like  the 
collapsed  parts ;  moreover,  they  are  similarly  distributed.  But  the 
base  of  a  jineumonic  patch  is  raised  above,  never  depressed  below,  the 
surface,  while  the  patch  forms  a  less  pliable  and  more  nodular  mass. 
Occasionally,  when  it  is  of  considei-able  size,  its  pleural  covering  may 
be  opaque  with  inflammatory  exudation.  On  section,  pneumonic 
patches  may  be  clearly  defined,  but  their  outlines  are  generally  less 
distinct  than  those  of  collapsed  patches  ;  they  usually  range  in  size 
from  that  of  a  pea  to  a  hazel-nut.  The  surface  of  the  section  tends  to 
rise  slightly  above  the  surrounding  tissue  :  the  substance  is  soft,  friable, 
opaque-looking,  smooth  or  faintly  granular,  at  first  dark-red  in  colour, 
then  passing  through  greyish-red  to  greyish-yellow — the  lighter  colour 
being  central.  A  turbid  red  or  greyish  juice  can  be  pressed  from  it. 
Neighbouring  lobular  patches  often  blend,  and  as  the  diffuse  consolida- 
tion thus  formed  becomes  paler,  firmer  and  drier,  it  may  occasionally 
resemble  in  appearance  ordinary  grey  hepatisation.  Sometimes  the 
pneumonic  process  is  found  involving  patches  of  collapsed  lung  :  these 
consequently  become  swollen,  opaque,  and  cedematous. 

When  broncho-pneumonia  is  so  extensive  that  the  consolidation 
is  practically  "  lobar,"  it  is  difticult  to  distinguish  it  from  acute 
pneumonia.  Evidence  of  the  blending  of  lobular  masses,  and 
especially  the  presence  of  outlying  patches  in  the  neighbourhood  of 
the  main  mass,  are  the  most  important  points  to  look  for.  The  absence 
of  adherent  inflammatory  exudation  from  the  pleural  surface  is  evidence 
against  acute  pneumonia ;  but  it  must  be  remembered  that,  as  such 
exudation  may  form  over  a  broncho-pneumonic  area,  its  presence  is  of 
little  pathognomonic  importance. 

In  septic  broncho-j)neumonia — the  commonest  cause  of  death  after 
operations  on  the  jaws,  mouth,  and  pharynx — the  pneumonic  patches 
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suppurate.  Tiie  nbsve.sxcx  thus  formed  are  sometimes  ftutid  and  con- 
tain sloughs  of  lung-tissue :  such  sloughs  are  surrounded  by  more  or 
less  extensive  consolidation  ;  and  inflammatory  hyperannia  and  oidenia 
of  the  lung  are  marked. 


Fig.  267. — Bro)icho-p7ieumonia.  From  a  Child  aged  Four,  with  Capillary 
Bronchitis.  A  section  of  one  of  the  patches  of  consolidation.  The 
alveoli  are  filled  with  what  appears  in  the  main  to  be  inhaled 
bronchial  secretion,     x  200.  (Boyd.) 

Microscopically,  in  the  early  red  stage,  the  alveoli  contain  fluid,  red 
corpuscles,  and  a  few  leucocytes,  while  the  alveolar  epithelium  is 
swollen  and  gi-anulai*.  The  alveoli  rapidly  become  filled  with  a  cell- 
mass,  consisting  of  leucocytes  and  desquamated  epithelium  in  varying 


Fig.  268. — Catarrhal  Pneumniiia.  I'rom  a  Case  of  .Acute  Phthisis. 
.Showing  the  large  epithelial  cells  which  fill  the  alveoli.  Diagram- 
juatic.    X  200. 

proportions— -leucocytes  being  in  excess  in  the  more  acute  (Fig.  267), 
and  epithelial  cells  in  the  more  chronic  forms.  In  the  most  acute  cases 
{septic  broucho-pnciimoma),  either  su])puration  and  sloughing  occur, 
or  hsemorrhagic  exudation  with  subsequent  gangrene. 
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TERMINATIONS. — Resolution  is  the  most  common  termin- 
ation. The  contents  of  the  alveoli  undergo  fatty  degenei'ation,  and 
are  removed  by  expectoration  and  absorption^  the  lung  gradually 
regaining  its  normal  character.  This  process^  however,  is  less  readily 
affected  than  in  croupous  pneumonia,  and  it  often  occupies  such  a 
lengthened  period  that  some  thickening  of  the  bronchial  and  alveolar 
walls,  with  dilatation  of  the  smaller  bronchi,  remains.  In  chronic 
cases  this  fibroid  thickening  is  more  marked,  and  much  irregularly 
distributed  induration  may  occur  accompanied  by  pigmentation  and 
bronchial  dilatation  (p.  475).  In  these  chronic  forms,  caseation  some- 
times affects  the  alveolar  contents,  which  then  become  encapsuled, 
or,  in  quite  exceptional  cases,  absorbed  ;  but  such  cases  are  usually, 
if  not  invariably,  tubercular. 

« 

Hjrpostatic  Pneumonia. — Allusion  must  be  made  to  a  form  ot 
consolidation  which  is  often  described  as  pneumonia,  but  which, 
for  the  most  part,  is  not  inflammatory  in  its  nature.  This  is  the  so- 
called  "  hypostatic  pneumonia."  This  condition  is  met  with  at  the  bases 
and  most  dependent  portions  of  the  lungs  in  the  course  of  both  chronic 
and  acute  diseases,  and  also  in  the  aged  and  debilitated.  It  consists 
in  the  main  of  collapse,  passive  hypei'aemia,  and  oedema  of  the  lung- 
tissue,  resulting  from  weak  inspiratory  power,  feeble  circulation, 
and  gravitation.  The  consolidation  thus  mechanically  induced  is 
increased  by  more  or  less  exudation  of  fluid  and  blood  corpuscles  into 
the  alveoli.  This  exudation  is  due  to  the  damage  of  the  walls  of 
the  capillaries,  caused  by  the  imperfect  circulation. 


3.  Interstitial  or  Chronic  Pneumonia. 

Interstitial  or  chronic  jineumonia  is  characterised  by  a  gradual 
increase  in  the  connective-tissue  of  the  lung,  which  leads  to  thickening 
of  the  pulmonary  texture  and  to  progressive  obliteration  of  the  alveolar 
cavities.  It  is  commonly  associated  with  catarrh  and  dilatation  of  the 
bronchi,  and  often  with  ulceration  of  the  bronchial  walls  and  excavation 
of  the  indurated  lung  (p.  476). 

ETIOLOGY. — In  the  large  majority  of  cases  interstitial 
pneumonia  is  secondary  to  some  inflammation  of  bronchi,  alveoli  or 
pleura  :  it  results  also  from  persistent  atelectasis  or  collapse.  It  may 
be  stated  generally  that  all  inflammatory  processes  in  the  lungs,  when 
they  become  chronic,  lead  to  an  increase  of  the  connective-tissue,  and 
consequently,  to  fibroid  induration  of  the  organs. 

Congenital  Syphilis  gives  rise  to  a  gummatous  and  also  to 
a  diffuse  interstitial  pneumonia  (^white  pneiimoiiio).     The   latter  is 
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characterised  by  fibrosis  with  j)roIiferatioii  and  desquamation  of  the 
alveohir  epitliclimn.  In  adults,  syjihiiitic  ciianf^es  in  the  lung  are 
probably  rare  ;  but  it  is  impossible  to  be  certain  of  the  nature  of  some 
localised  fibroid  changes. 

The  chief  causes  of  interstitial  pneumonia  are  : — 

1.  Croupous  Pneumonia. — The  consolidation  of  acute  croupous 
pneumonia  usually  undergoes  complete  and  rapid  resolution ;  Imt 
occasionally  this  is  more  protracted.  Then  the  hepatised  lung  tends 
to  become  slightly  indurated,  mainly  owing  to  thickening  of  the  walls 
of  the  alveoli,  and  sometimes  to  organisation  of  their  contents.  This 
indurated  hepatisation  differs  but  little  in  its  physical  characters  from 
ordinary  red  and  grey  hepatisation  ;  the  lung  is,  however,  firmer,  more 
resistant,  and  less  granular. 

2.  Broncho-pneumonia. — Broncho-pneumonia  is  a  more  fre- 
quent cause  than  the  preceding.  The  greater  liability  of  this  form 
of  pneumonia  to  lead  to  pulmonary  induration  is  to  be  accounted  for 
parti}'  by  its  longer  duration  and  greater  tendency  to  become  chronic, 
and  partly  by  the  existence  of  bronchial  dilatation,  with  which  it  is  so 
frequently  associated  (p.  •475).  The  existence  of  this  dilatation  favours 
the  persistence  of  the  catarrhal  and  pneumonic  process.  The  removal 
of  secretion  is  rendered  difficult ;  and  the  retained  secretion  tends  to 
keep  up  and  increase  the  irritative  process  both  in  the  dilated  bronchi 
and  the  alveoli,  and  this  persistence  of  the  bronchial  and  pulmonary 
inflammation  leads  to  fibroid  thickening  of  the  bronchial  and  alveolar 
walls.  In  this  way  areas  of  fibroid  induration  are  produced,  which, 
as  the  process  extends,  may  ultimately  involve  large  portions  of  the 
lung.  The  progressive  tendency  of  the  process  is,  probably,  partly  to 
be  explained  by  the  fact  that  pulmonary  fibrosis  is  itself  a  cause  of 
bronchial  dilatation.  When,  therefore,  fibrosis  is  once  established, 
the  new  tissue  in  contracting  induces  further  dilatation  of  the  bronchi ; 
and  this  again,  as  before  explained,  favours  the  still  further  extension 
of  the  bronchial  and  pulmonary  induration. 

Under  this  head  may  also  be  included  those  cases  of  induration  and 
ulceration  of  the  lung  which  result  from  obstrudmi  of  a  iiiaiti  bronchus 
— such  as  is  produced  by  the  pressure  of  an  aneurysm.  Here  the 
retained  bronchial  secretion  sets  up  inflammatory  changes  in  the 
bronchial  and  alveolar  walls,  which  gradually  lead  to  induration  and 
ulceration  of  the  lung. 

3.  The  Inhalation  of  Solid  Irritating  Particles. — This  is 
the  commonest  cause  of  interstitial  pneumonia,  leading  to  the  fibrosis 
of  the  lung  so  common  amongst  miners,  potters,  stonemasons,  grinders, 
and  others.  The  continuous  irritation  of  the  inhaled  particles  induces 
a  bronchial  and  alveolar  inflammation,  and  ultimately  a  progressive 
fibrosis,  with  dilatation  and  ulceration  of  the  bronchi  (j).  478).  Such 
cases  often  become  tuberculous. 
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4.  Pleurisy. — This,  in  exceptional  cases^  leads  to  the  development 
of  an  interstitial  pneumonia.  Such  a  result  is  most  likely  to  occur  in 
those  cases  of  pleurisy  which  are  more  or  less  chronic,  and  in  which 
the  effusion  x*emains  long  unabsorbed.  The  induration  thus  induced 
is  often  partial,  consisting  merely  in  an  increase  of  the  interlobular 
connective-tissue,  originating  and  extending  inwards  as  dense  bands 
from  the  thickened  visceral  pleura.  In  other  cases,  pleurisy  gives  rise 
to  a  much  more  general  fibrosis. 

5.  Atelectasis,  or  failure  of  part  of  the  lung  to  expand  after  birth, 
and  persistent  collapse  lead  to  marked  fibrosis  of  the  affected  area. 


b  


Fig.  269. — IiiterstUial  Pneumonia.  From  a  Case  of  Unilateral  "Fib- 
rosis "  of  the  Lung.  The  bronchi  were  much  dilated,  and  there  was 
a  complete  absence  of  any  caseous  change.  The  drawing  shows  the 
new  fibrous  growth,  both  in  the  alveolar  walls  (b)  and  in  the  inter- 
lobular tissue  (c),  also  the  pigmentation.  At  {a)  a  divided  artery  is 
seen.  With  a  higher  power,  a  delicate  reticulum  is  visible  between 
the  cell-elements,     x  100. 

Later  on,  bronchiectasis  and  obliteration  of  most  of  the  alveoli  occur. 
The  original  positions  of  the  latter  may  be  merely  indicated  by  a  few 
epithelial  cells. 

MORBID  ANATOMY. — The  appearances  presented  by  the 
lung,  when  the  fibrosis  is  general  and  well  advanced,  are  very 
characteristic.  The  organ  is  diminished  in  size ;  the  tissue  is  smooth, 
dense,  fii-m — in  parts  almost  cartilaginous  in  consistence — and  is 
irregularly  mottled  with  black  pigment.  The  alveolar  structure  of 
the  lung  is  in  most  parts  comjiletely  destroyed,  and  on  section  the 
dilated  bronchi  are  seen  as  numerous  large  openings  scattered  over  its 
surface.  These  dilated  bronchi  frequently  become  the  seats  of 
secondary  inflammatory  processes,  which  may  lead  to  ulceration  and 
ultimately  to  extensive  excavation  of  the  indurated  tissue  ;  but  there 
is  a  complete  absence  of  any  of  those  caseous  changes  which  are  so 
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characteristic  of  ])iiiin()nary  tuberculosis.  Tliis  secondary  iiiflanimation 
of  the  dilated  bronchi  is  induced  by  the  irritating  and  often  putrid 
secretion  which  they  contain,  and  which  is,  as  a  rule,  incomj)letely 
removed  by  expectoration.  The  pleura  is  considerably  thickened  and 
generally  adherent. 

Microsco})ically,  fibrous  tissue  is  found  in  the  interalveolar,  peri- 
bronchial, and  interlobular  connective-tissue.  This  ncM'-growth,  as  it 
increases  and  contracts,  gradually  replaces  and  obliterates  the  alveolar 
structure.  The  character  of  these  clianges,  however,  varies  somewhat 
according  to  the  nature  of  the  cause.  When  the  result  of  a  croupoius 
piieinuonia,  the  ])rimary  change  takes  place  in  the  walls  of  the  alveoli 
(Fig.  269),  although  ultimately  the  interlobular  tissue  is  involved. 


Fig.  270. — Chronic  Pjieumonia.  Showing  organisation  of  intra-alveolar 
exudation-products.  Blood-vessels  are  seen  distributed  in  the  exuda- 
tion-products ;  these  blood-vessels  communicate  with  those  in  the 
alveolar  walls.  The  alveolar  walls  are  also  thickened  by  a  fibrous 
growth.     X  123. 

The  alveolar  walls  become  thickened  by  the  growth  of  fibrous  tissue. 
The  new-growth,  in  its  earlier  stages,  contains  new  blood-vessels,  but 
la+er  on  the  tissue  contracts,  and  manj'  of  these  are  destroj^ed.  The 
alveolar  cavities  which  are  not  obliterated  are  either  empty  or  contain 
exudation-products  or  a  few  epithelial  cells.  Cases  occur  in  which,  in 
addition  to  the  growth  in  the  alveolar  walls,  the  intra-alveolar 
exudation  becomes  organised.  There  is  nothing  peculiar  in  the 
macrosco])ic  characters  of  the  lungs,  and  many  of  the  alveoli  are  filled 
with  leucocytes  and  a  fibrinous  meshwork,  similar  to  that  met  with  in 
red  hepatisation  (Fig.  270).  The  contents  of  some  of  the  alveoli 
differ,  however,  in  this  respect — that  manj'  of  the  cells  are  long  and 
spindle-shaped,  and  blood-vessels  are  distributed  amongst  them,  com- 
municating with  those  in  the  alveolar  walls  (Figs.  270  and  271).  These 
changes  are  often  confined  to  the  parts  adjacent  to  the  pleura.  The 
affected  areas  are  ill  defined,  as  they  pass  gradually  into  the  normal 
lung-tissue. 
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When  the  fibrosis  is  secondary  to  an  ordinary  broncho-pneinnoiiia,  or 
to  that  induced  by  the  inhalation  of  irrilaling  solid  paiiicles,  the  alveolar 
walls  are  also  involved,  though  the  peribronchial  and  interlobular 


Fig.  271. — Chronic  Pneumonia.  A  portion  of  the  intra-alveolar  exuda- 
tion-products (Fig.  270)  more  highly  magnified.  Showing  the  elon- 
gated spindle-cells,  the  fibrillation,  and  blood-vessels  containing 
blood-corpuscles,     x  250. 

connective-tissue  plays  a  more  prominent  part  in  the  process 
(Fig.  272). 

The  pleurogenic  form  results  chiefly  from  empyemata.  In  these  cases 


^0 


Fig.  272. — Chronic  Bronchitis  and  Bronchicciasis.  Showing  the  growth 
of  fibrous  tissue  around  the  bronchus  [b],  and  the  way  in  which  this 
tissue  is  invading  the  walls  of  the  adjacent  alveoli ;  v,  a  divided 
artery,    x  50. 

the  new  fibrous  tissue  extends  inwards  in  bands  along  the  inter- 
lobular lymphatic  vessels  which  communicate  freely  with  those  of 
the  thickened  pleura  ;  thence  it  spreads  to  the  peribronchial  tissue. 
The  lung  is  thus  surrounded  by  a  dense  capsule,  and  a  meshwork  of 
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anastomosing  fibrous  bands  permeates  its  substance,  obliterating  many 
of  tlie  alveoli  and  leading  to  bronchiectasis.  More  or  less  bronchitis 
is  usually  j)vcsent. 

Atcledmis  and  collapse  are  said  to  lead  first  to  slight  haemorrhages. 
The  subsequent  changes  in  the  ha-nioglobin  lead  to  the  formation 
of  some  of  the  black  jjigment  usually  found  in  fibroid  areas  due  to 
this  cause  (p.  l-TS).  The  alveolar  walls  become  fibrous,  the  e])iti)clium 
is  more  or  less  shed,  and  the  surfaces  of  the  walls  ultimately  cohere. 

Vesicular  Emphysema. 

Vesicular  emphysema  consists  essentially  in  a  pennaneni  over- 
distension of  the  infundibula  and  air-cells  due  to  atrophy  of  the  inter- 
vening septa  and  to  general  diminution  in  the  elasticity  of  the  lungs. 
It  should  be  distinguished  from  the  acute  over-distension  often  seen, 
especially  in  children,  after  death  from  bronchitis  or  whooping-cough. 
The  condition  of  the  lungs  met  with  in  these  diseases  is  sometimes 
called  "  acute  emphysema." 

VARIETIES. — Two  varieties  are  described:  (l)  Hj^pertrophic 
or  "large-lunged"  emphysema — by  far  the  most  important, and  always 
indicated  when  the  term  "emphysema"  alone  is  used  ;  (2)  .'Atrophic, 
small-lunged,  or  senile  emphysema. 

1.  In  Hypertrophic  Emphysema  the  lungs  are  enlarged, 
sometimes  so  much  that  they  actually  cross  in  the  mid-line  in  front, 
obliterate  the  superficial  cardiac  dulness,  project  into  the  neck,  and 
push  down  the  diaphragm.  Owing  to  the  loss  of  their  elasticitj-  the 
lungs  collapse  but  slightly  when  the  chest  is  opened,  and  their  usually 
sharp  edges  (in  front  and  round  the  base)  are  pale,  thick,  round,  and 
more  or  less  irregular  from  the  protrusion  of  soft,  pale,  rounded  swell- 
ings. Similar  swellings  frequently  project  towards  the  diaphragm  ; 
the  tongue-like  -piece  of  the  left  lung  below  the  notch  is  often 
extremely  swollen,  and  the  lungs  may  bear  distinct  grooves  correspond- 
ing to  the  ribs.  Evei'y  where,  in  advanced  cases,  the  air-cells  are  seen 
through  the  visceral  pleura  with  abnormal  distinctness;  but  the  apices 
and  sharp  edges  are  fii'st  and  chiefly  affected,  and  spaces  of  consider- 
able size  are  here  met  with.  Abnormal  pigmentation  is  usual.  The 
lungs  feel  much  like  a  down-pillow,  they  "  pit "  easilj',  and  crepitate 
but  little.  On  section,  the  emphysematous  parts  are  pale,  dry  and 
bloodless,  and  when  large  spaces  are  present  in  the  part  cut.  the 
collapse  of  the  aflfected  areas  is  very  marked. 

Microscopic  investigation  sliows  :  that  the  dilatation  commences  in 
the  infundibula,  and  extends  thence  into  the  alveoli  opening  into  it ; 
tliat  the  interalveolar  septa  atrophy  and  ultimately  become  perforated, 
their  elastic  fibres  yielding  and  then  disappearing ;  that  the  stretched 
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capillaries  become  thrombosed,  and  tlien  likewise  vanish.  The 
apertures  in  the  interalveolar  septa  enlarge;  and  othei's  form  later 
between  the  infinidibula :  thus  are  developed  irregular  cavities, 
which  are  sometimes  as  large  as  a  filbert.  The  lai'gest  are  situated  in 
the  pale,  rounded,  bleb-like  swellings.  Fatty  degeneration  of  the 
alveolar  epithelium  is  commonly  present,  and  is  probably  secondary  to 
vascular  disturbance. 

The  obliteration  of  capillaries  in  the  stretched  or  destroyed  alveolar 


Fig.  273. — Emphysema  of  Ihc  Lung  (from  a  Case  of  Chronic  Bronchitis). 
A  pen  ion  of  the  rounded  anterior  edge  of  the  lung.  The  varied  size 
of  the  cavities  formed  by  distension  of  the  alveoli  and  atrophy  of  the 
partitions  is  well  shown,     x  8. 


■walls  necessarily  causes  some  obstruction  to  the  pulmonary  circulation. 
This  is  followed  by  hypertrophy  of  the  right  ventricle  of  the  heart. 
By  this  means  the  increased  resistance  in  the  pulmonaiy  circulation  is 
overcome  (p.  436).  The  communications  between  the  pulmonary  and 
bronchial  vessels  become  dilated.  The  connective-tissue  round  the 
smaller  bronchi  may  be  increased  as  the  result  of  bronchitis. 

ResulLs. — 'J'he  atrophy  of  the  elastic  tissue  of  the  lung,  by  diminish- 
ing the  expiratory  movements  of  the  chest,  lessens  the  normal  intei*- 
change  of  gases.  As  a  result,  the  blood,  which  is  thus  inefficiently 
aerated,  stimulates  the  respiratory  centre  to  an  unusual  degree,  and 
thus  gives  rise  to  deeper  inspirations,  which,  in  the  absence  of  the 
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normal  elasticity  of  the  lungs,  lead  to  a  permanent  enlargement  of  the 
thorax — the  so-called  "  barrel-shaped  chest." 

2.  Atrophic  Emphysema  occin-s  usually  in  thin  old  jieople  who 
seem  to  be  undergoing  general  atrojjhy.  Tlie  lungs  during  life  may 
leave  the  heart  unduly  exposed ;  when  the  thorax  is  opened  they 
collapse  excessively,  falling  together  "like  an  inflated  bag  of  wet 
paper"  (Jenner).  They  are  excessively  pigmented,  and  their  apices 
and  borders,  even  after  collapse  has  occurred,  usually  show  appear- 
ances like  those  in  the  large-lunged  variety,  and  are  due  to  similar 
naked-eye  and  microscopic  changes.  In  this  form,  apparentlv,  the 
elastic  tissue  is  not  so  generally  affected  as  in  the  hypertrophic 
variety, 

.ffiTIOLOGY. — All  conditions  Avhich  (1)  inci-ease  the  pressure 
on  the  inside  of  the  air-vesicles,  (2)  which  withdraw  the  support 
normally  furnished  by  the  surrounding  parts,  or  (3)  which  weaken  the 
alveolar  walls,  may  act  as  causes  of  emphysema. 

1.  Increase  of  intra-alveolar  Pressure. — Increased  pressure 
in  the  aii--cells  may  be  due  to  violent  expiratory  efforts  with  closed 
glottis,  as  in  coughing ;  to  violent  muscular  efforts  in  which  the  glottis 
is  closed  and  the  thorax  distended  ;  and  to  the  blowing  of  wind-instru- 
ments. Those  parts  of  the  lungs  which  are  least  supported — the  apices 
and  edges — will  be  most  distended.  This  is  the  exjnraloi-y  tlieori/  of 
Jenner.  Emphysema  due  to  these  causes  may  be  primarij,  but  more 
often  is  associated  with  chronic  bronchitis. 

2.  "Withdrawal  of  external  Support  from  Alveoli. — By 
reason  of  collapse,  compression,  or  consolidation,  the  entrance  of  air 
into,  and  the  consequent  expansion  of,  any  part  of  a  lung  may  be 
interfered  with.  Such  portions  will,  during  inspiration,  afford  less 
support  to  the  air-cells  in  their  immediate  neighbourhood,  and  these 
air-cells  will  therefore  tend  to  become  more  distended  than  those  in 
other  parts.  Similarly,  when  fi'om  the  same  cause  a  whole  lung  fails 
to  expand,  its  fellow  stretches  over  towards  it,  and  even  the  mediastinal 
contents  may  be  displaced  in  the  same  direction.  This  form  of 
emjihysema  is  termed  vicanous,  compensatorij ,  or  secondartj,  and  this 
explanation  of  its  causation  is  known  as  the  iiixpiralori/  theory.  It  is 
frequently  found  in  the  neighbourhood  of  localised  fibroid  changes 
(p.  46.9). 

3.  Weakening  of  the  Alveolar  Walls.— This  weakening  may 
be  due  to  («)  the  atrophy  and  loss  of  elasticity  which  accompanies 
old  age — the  most  important  element  in  the  causation  of  atrophic 
emphysema ;  (6)  atrophy  following  the  stretching,  narrowing,  and 
obliteration  of  the  blood-vessels,  which  in  its  turn  is  a  result  of  over- 
distension of  the  air-cells  from  any  of  the  causes  before  mentioned  ; 
and  (c)  inherited  weakness  (emphysema  may  run  in  families),  or 
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weakness  due  to  some  interference  with  their  nuti'ition,  from  the  mode 
of  living  or  other  causes  (p.  26). 

Bronchiectasis. 

In  many  different  varieties  of  chronic  huig-disease  the  bronchial 
tubes  are  occasionally  found  dilated.  The  dilatations  are  most  fre- 
quently found  in  the  lower  lobes,  and  may  be  cylindrical,  fusiform,  or 
sacculated.  In  some  cases  the  most  casual  inspection  shows  the  rela- 
tionship of  the  cUlatation  to  the  ordinary  tube  ;  in  others,  it  is  only  the 
gradual  expansion  of  the  bronchial  tube  on  each  side,  and  the  discovery, 
microsco23ically,  of  some  of  the  rudiments  of  the  original  bronchial 
wall  in  that  of  the  resulting  cavity,  that  jirove  the  origin  of  the  latter. 
This  is  especially  the  case  in  some  instances  of  the  sacculated  form,  in 
which  the  cavities  are  large  and  irregular,  and  their  walls  composed 
principally  of  fibrous  tissue. 

The  causation  of  bronchiectasis  is,  in  great  measure,  analogous 
to  that  of  emphysema.  The  principal  forces  concerned  are  three  : 
(1)  increased  pressure  within  the  lumen  of  the  tube  tending  to  dilate  it 
at  its  weakest  points — such  pressure  occurring  during  either  inspiration 
or  expiration ;  (2)  weakening  of  the  wall  of  the  tube  through  atrophy^ 
inflammation,  or  ulceration  ;  and  (3)  traction  upon  the  walls  of  the 
tubes  exerted  by  bands  of  cicatricial  tissue  in  the  lungs.  These  forces 
usually  act  in  combination  :  it  will  therefore  be  necessary  to  consider 
them  together. 

The  only  good  examples  of  bronchiectatic  cavities  due  solely  to 
changes  in  pressure  occur  in  those  cases  of  congenital  atelectasis  in 
which  the  alveoli,  in  the  whole  or  part  of  a  lung,  are  unable  to  expand. 
The  act  of  inspiration,  by  causing  a  flow  of  air  into  all  those  parts 
in  direct  communication  with  the  trachea,  not  only  distends  each 
normal  alveolus,  but  also  thereby  affords  support  to  those  in  its 
immediate  neighbourhood.  Those  alveoli  immediately  in  contact 
with  the  imperfectly  developed  portion  of  the  lung  will  undergo 
emphysematous  changes.  The  resistance,  however,  which  the  young- 
elastic  tissue  offers  to  this  over-distension  will  in  the  same  way,  by 
lessening  the  support,  cause  dilatation  of  the  pervious  bronchial  tubes 
imbedded  in  the  interior  of  the  unexpanded  portions.  These  bronchial 
tubes  will  accordingly  become  gradually  distended,  and  may  fre- 
quently develop  club-shaped  terminations. 

Acute  or  chronic  inflammation  of  the  bronchial  tubes,  especially 
in  children,  is  often  accompanied  by  a  slight  amount  of  dilatation  of 
the  cylindrical  or  fusiform  type,  combined  with  slight  emphysema. 
This  depends  partly  on  the  inflammatory  weakening  of  the  muscular 
and  elastic  tissues  in  the  walls  of  the  bronchial  tubes,  and  jjartly  upon 
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the  increased  expiratory  pressure  in  coiigliing,  combined  witli  tlu 
traction  exerted,  es])eciiilly  during  inspiration,  by  the  ordinary  elastic 
tissue  ot"  tlic  lung.  Should,  however,  septic  organisms  lodge  in  a  tube 
so  dilated,  and,  by  setting  up  a  slow  suppurative  inflammation,  still 
further  weaken  a  portion  of  its  wall,  the  forces  just  mentioned  will 
lead  to  the  formation  of  an  extensive  cavity,  with  ragged,  irregular 
walls.  As  a  rule,  however,  inflammatory  changes  in  the  bronchial 
tubes  do  not  lead  to  much  dilatation  unless  there  is,  in  addition,  some 
obstructiim  to  the  entry  of  air  into  the  alveoli.  This  combination  is 
well  illustrated  in  the  local  bronchiectasis — not  uncommon  in  children — 
which  occurs  as  a  result  of  broncho-pneumonia  or  persistent  collapse  of 
the  lung.  In  such  cases,  the  air,  being  unable  to  enter  the  alveoli, 
tends,  during  inspiration,  to  dilate  the  tubes,  the  walls  of  which  are 
weakened  by  the  bronchitis,  and  unsupported  by  properly  filled 
suri'ounding  alveoli.  The  accompanying  cough  will  act  still  more 
effectively  in  the  same  way ;  for  during  expiration  the  air,  which 
would  by  this  means  ordinarily  be  driven  into  and  over-distend  the 
alveoli,  would,  under  these  conditions,  tend  instead  to  dilate  the 
weakened  tubes.  As  a  result,  the  affected  portion  of  lung  presents, 
on  section,  a  large  number  of  small  holes  about  one-eighth  of  an  inch 
or  more  in  diameter.  Should  the  inflammation  become  chronic  this 
dilatation  will  become  more  pronounced  :  partly  because  chronic 
inflammation,  when  it  affects  the  bronchial  tubes,  leads,  as  it  docs 
elsewhere,  to  replacement  of  the  muscular  and  elastic  elements  b)'  a 
connective-tissue,  which  is  easily  stretched  in  its  early  stages  ;  and 
partly  because  there  is  an  increase  in  the  interstitial  fibrous  tissue  of 
the  lung  which,  later  on,  tends,  as  it  contracts,  to  pull  upon  the  walls 
of  the  tubes  as  explained  below. 

The  contraction  of  chronic  inflammatory  fibrous  tissue  throughout 
the  lung  is  often  regarded  as  an  important  factor  in  the  production  of 
chronic  bronchiectasis.  In  the  repair-stage  of  all  chronic  inflammatory 
diseases  of  the  lungs,  fibrous  tissue  of  this  type  is  found.  In  the  large 
majority  of  these  diseases  the  pleural  surfaces  are  adherent,  so  that 
the  fibrous  tissue  is  firmly  attached  on  each  side.  In  these  cases  the 
contraction  of  the  new  tissue  should,  theoretically,  lead  to  a  rise  in 
the  level  of  the  diaphragm  ;  to  sinking  in  of  the  wall  of  the  chest ;  to 
dilatation  of  the  bronchial  tubes ;  and,  if  the  disease  is  unilateral,  to 
displacement  of  the  mediastinum.  In  some  cases  all  these  changes 
actually  occur,  sometimes  one,  and  sometimes  another  being  the  most 
prominent.  This  contracting  fibrous  tissue  will  act  at  greatest 
advantage  during  inspiration,  when  the  movements  of  the  chest  and 
diaphragm  tend  to  enlarge  all  the  diameters  of  the  lung. 

The  contents  of  bronchiectatie  cavities  are  chiefly  mucus,  putre- 
factive organisms,  and  tissue-debris.  They  have,  as  a  rule,  an  extremely 
offensive  odour. 
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Pneumoconiosis. 

Ordinaiy  atmospheric  air  always  contains  dust.  When  the  amount 
of  dust  inlialed  is  comparatively  small,  it  gives  rise  to  pigmentation  of 
the  lungs  without  apparently  producing  any  injurious  effects.  This 
pigmentation,  absent  at  birth,  gradually  increases  with  adv.incmg  age, 
especially  in  the  case  of  those  who  dwell  in  towns. 

Pigmentation  of  the  lungs  is  principally  due  to  the  presence  of 
particles  of  carbon  and  other  substances  inhaled  with  the  ins2)ired  air. 
Tiiese  may  be  arrested  in  the  smaller  bronchial  tubes  or,  when  the 
fullest  inspiration  follows  the  most  extreme  expii-ation,  be  drawn  into 
the  alveoli.  In  both  of  these  places  they  may  be  taken  up  by 
leucocytes.  Many  of  these  are  exj)elled  in  the  greyish-black  sputum 
frequently  expectorated  in  the  early  morning  (Fig.  276),  but  a  large 


Fig.  274. — Pigmentation  of  the  Lung.  From  a  Woman,  EEt.  sixty-five, 
with  slight  Emphysema.  Showing  tlie  situation  of  the  pigmentin  the 
thicliened  alveolar  walls,  and  around  the  blood-vessel  (57).  The  walls 
of  the  latter  are  also  thickened  and  its  lumen  diminished,     x  100. 

number  peneti-ate  into  the  alveolar  walls  and  into  the  interlobular 
tissue.  Most  of  the  pigment  is  found  contained  within  the  comiec- 
tive-tissue  cells  or  free  among  the  fibres. 

The  means  by  which  the  particles  of  carbon  make  their  way  into 
the  interalveolar  tissue  is  explained  in  diff'erent  ways.  (1)  The 
branched  connective-tissue  cells  of  the  alveolar  walls  send  processes,, 
consisting  of  a  greater  or  less  portion  of  their  bodies,  between  the 
epithelial  cells  of  the  alveolus  into  the  alveolar  cavity.  As  these 
connective-tissue  cells  lie  in  the  serous  canals  which  constitute  the 
commencement  of  the  perivasal  lymphatics  and  are  themselves  phago- 
cytic, it  is  easy  to  understand  ho  w  readily  they  may  serve  as  the 
principal  carriers  by  which  the  particles  are  withdrawn  from  the 
alveoli  and  conveyed  to,  and  deposited  in,  neighbouring  parts  of  the 
lung.    When  once  the  carbon  has  made  its  way  into  the  interlobular 
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tissue,  some  of  it  is  taken  ii])  by  the  fixed  cells  in  this  situation  whilst 
the  remainder  passes  on  to  the  lymphatics,  and  is  deposited  in  the 
bronchial  lymphatic  }>-lands,  in  which  black  particles  are  also  found, 
(a)  Wandering  jjhagocytic  leucocytes  (j).  1 64)  are  found  in  the  small 
bronchi  and  alveoli  (Fig.  275).  They  probably  convey  ])articles  into 
the  tissue  and  lymphatics  of  the  lungs. 

In  many  occupations  the  respired  air  contains  an  altogether 
abnormal  proportion  of  dust,  often  consisting  of  some  special  material, 
such  as  coal,  stone,  iron  or  other  substances.  The  first  result  of 
breathing  air  overcharged  with  such  particles  is  the  production  of 


Fig.  275. — Alveoli  Jillcd  with  Red  Corpuscles  and  a  few  Leucocytes 
containing  Air-borne  Pigment.     X  120. 

chronic  bi'onchial  catarrli  from  the  mechanical  irritation  of  the  mucous 
membrane  of  the  bronchi.  This  leads  to  frequent  coughing,  followed 
by  deep  inspirations,  and,  therefore,  to  the  aspiration  of  similar 
particles  into  the  alveoli.  Inflammatory  changes  in  the  alveoli  follow  ; 
leucocytes  escape  :  the  cells  of  the  epithelial  lining  proliferate  and 
many  are  thrown  off.  Cells,  charged  with  the  inhaled  particles,  are 
found  free  in  the  alveoli.  Some  of  these  cells  may  be  expectorated, 
but  most  are  absorbed  as  just  described.  In  the  tissues  further  changes 
may  graduallj' take  place, according  to  the  nature  and  number  of  particles 
deposited.  These  changes  comprise  chronic  inflammator_v  thickening 
of  the  alveolar  walls  (Fig.  275),  patches  of  broncho-pneumonia,  and 
general  increase  of  the  fibrous  tissue  throughout  the  organ.  Further- 
more, these  changes  render  the  affected  parts  especially  liable  to 
invasion  by  tubercle-bacilli  and  other  parasites. 

In  the  case  of  miners  the  particles  of  coal  enter  the  lungs  in  such 
large  quantities  as  to  give  to  them  an  almost  uniform  dark  black  colour 
{imihracosis).  The  black  colour  of  the  lungs  in  these  cases  is  not 
entirely  due  to  the  presence  of  the  inhaled  substances,  but  partly 
to  that  of  altered  blood-pigment.  The  inflammatory  changes  in 
the  bronchi  and  pulmonary-tissue  already  referred  to  cause  marked 
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consolidation  of  the  lungs,  which  thus  become  tough  and  fibrous.  In 
the  most  severe  forms,  ulceration,  starting  from  the  bronchi,  pro- 
duces cavities  {colliers'  and  knife-grinders'  phthisis).  Owing  to  these 
structural  changes  there  is  a  considerable  escape  of  red  corpuscles 
from  rupture  of  cajDillaries  or  inflammatory  exudation,  and  hence  a 
large  formation  of  pigment,  to  which  much  of  the  dark  colour  of  these 
lungs  must  undoubtedly  be  ascribed.  The  lungs  of  stonemasons 
(silicosis)  and  grinders  (siderosis)  are,  like  those  of  miners,  deeply 
•pigmented,  though  to  a  less  degree  ;  but  the  black  colour  in  the 
former  cases  cannot  be  accounted  for  on  the  supposition  that  it  is  due 
to  the  presence  of  inhaled  particles,  for  the  particles  are  pale  or  rust- 
coloured,  as  the  case  may  be.  Carbon-jiarticles  are  black,  angular  and 
very  variable  in  size  and  shape.  They  are  unaffected  by  strong  acids 
and  alkalies.  Pigment  derived  from  the  blood  is  generally  brownish 
and  granular  :  it  is  rarely  met  with  in  a  ciystalline  form. 

Pigmentation  of  the  lungs  from  the  presence  of  ha;matoidin  occurs 
as  the  result  of  many  other  morbid  conditions,  many  diseases  of  these 
organs  being  attended  by  the  formation  of  pigment.  In  chroinc 
phthisis,  pigmentation  occurs,  partly  as  the  result  of  the  inflammatory 
process,  and  partly  from  the  obstruction  of  the  vessels  caused  by  the 
new  tissue  :  lines  of  pigment  are  constantly  seen  surrounding  the 
nodules  of  consolidation.  In  acute  croupous  pneumonia,  the  blood  which 
is  extravasated  into  the  air-vesicles,  and  which  in  the  early  stages 
gives  to  the  expectoration  a  rusty  or  prune-juice  colour,  subsequently 
gives  rise  to  pigment,  and  the  sputum 
consequently  becomes  greyish  -  black, 
the  pigment-granules  being  visible  in  the 
desquamated  cells.  The  cells  met  with  in 
the  sputum  of  hronchitis  also  contain  gran- 
ules of  pigment  (Fig.  276") ;  and  pigmenta- 
tion plays  an  important  part  in  the  condi-  ^  0^ 

±ion  of  ihe\unss  hnown  as  brojvn  induration  ^  .  ^  ,  * 
.  N  T  11  111  ^7°- — Cells  from  the  Sputum 
(p.  1 90).  In  all  cases  m  which  hsematogenous  Bronchitis.  Showing  the  mi- 
pigment  is  found  in  any  quantity  in  the  nute  granules  of  pigment  within 

lung,it  is  also  found  in  the  bronchial  glands.     "^'^  °^  '^'^"^ 

.       ,  ,       ,     ,         1    ,.  1  Ti         contain  a   few  fatt\f  particles. 

It  IS  taken  up  by  the  lymphatics,  and,  like  ^ 

the  inhaled  carbon,  becomes  arrested  in 

its  passage  through  these  glands,  where  it  remains  permanently. 


IX.  DISEASES  OF  THE  LIVER. 
Perihepatitis. 

Inflammation  of  the  capsule  of  the  liver,  leading  to  more  or 
less  thickening  and  often  to  adiiesions  with  adjacent  parts,  is  met 
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with  under  various  circumstances.  Its  most  common  causes  are — llie 
clironic  i)eritonitis  of  Briglit's  (lisease,  chronic  alcoiiolism  and  syi)liiHs. 
The  changes  are  usually  sliglit  aiul  of  hut  little  patliological  imj)ort. 

In  some  cases,  however,  especially  in  cases  of  chronic  ]>eritonitis,. 
the  process  is  more  extensive  and  leads  to  marked  interference  with 
the  functions  of,  and  circulation  in,  the  liver.  Tlie  whole  capsule 
becomes  considerably  thickened  and  gradually  contracts,  thus  causing 
compression  of  the  organ,  wliich  assumes  a  globular  form.  The  porUil 
circulation  is  often  interfered  with  by  the  squeezing  process,  and 
ascites,  with  other  symptoms  of  portal  obstruction,  may  result.  The 
liver  itself,  with  the  exception  of  some  atrophy  and  fatty  degeneration, 
of  its  cells,  may  show  no  ciianges ;  but  sometimes  it  is  irregularly 
intei'sected,  and  even  divided  into  lobe-like  masses,  by  bands  of  fibrous- 
tissue  passing  inwards  fi'om  the  capsule  {centripetal  cirrhosis  of  Adami). 

These  conditions  have  been  variously  attributed  to  syjjhilis,  tuber- 
culosiSj  and  alcoholism. 

Abscess  of  the  Liver. 

1.  Multiple. — Small  multiple  abscesses  are  most  frequently  due 
to  some  inflammatory  lesion  in  connection  with  the  portal  sj'stem — 
such  as  dysentery,  appendicitis,  ulcerative  colitis,  typhoid  fever,  or 
some  other  form  of  ulceration  of  the  gastro-intestinal  tract.  In  these 
cases  the  abscesses  are  due  to  infective  embolism  of  branches  of  the 
portal  vein  (suppurative  pj/le-phlebitis).  Small  abscesses  also  occur  as  a 
manifestation  of  generalised  pyaemia,  and  are  then  due  to  infective 
embolism  of  the  small  branches  of  the  hepatic  arterjf. 

2.  Single. — Single  abscesses  may  follow  injury^  either  external  or 
internal — in  the  latter  case  being  due  to  some  foreign  bod)'^  which  has 
perforated  the  walls  of  the  stomach  or  duodenum.  They  may  also  result 
from  the  presence  of  gall-stones  or  parasites.  In  all  these  cases  the 
abscess  is  really  due  to  the  additional  2>resence  of  pyogenic  organisms. 

The  tropical  abscess  is,  in  three-fourths  of  the  cases,  single ;  and  is 
generally  believed  to  depend  upon  infection  through  the  portal  vein. 
In  a  large  proportion  of  the  cases  it  is  associated  with  dysentery.  It 
is  commonest  in  countries  near  the  equator,  generally  selects  the- 
white  races,  and  occurs  especially  in  cases  of  chronic  alcoholism.  The 
Amoeba  coli  is  found  in  some  cases,  but,  as  a  rule,  the  B.  coli  communis 
and  ordinary  pyogenic  organisms  are  alone  to  be  found. 

Cirrhosis  of  the  Liver. 

Cirrhosis  is  the  term  applied  to  all  diseases  of  the  liver  mainly 
characterised  by  an  increase  in  the  connective-tissue  of  the  organ. 

Although  the  changes  which  occur  in  tlie  diseases  included  in  this- 
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definition  vary  within  wide  limits,  three  types  may,  for  convenience  of 
description,  be  distinguished — (l)  Portal,  (2)  Biliarij,  and  (3)  Pciiccllular. 

1.  Portal  Cirrhosis. — In  this  form  the  increase  in  the  con- 
nective-tissue occurs  around  the  branches  of  the  portal  vein,  and  is, 
therefore,  interlobular  in  its  arrangement.  Between  many  of  the 
lobules,  however,  no  new  tissue  appears,  so  that  the  distribution  is 
exceedingly  irregulai",  and  the  lobules  become  grouped  into  masses  of 
varied  size  (jnultilohular  cirrhosis)  (Fig.  277) ;  while  the  component 
cells  tend  to  lose  their  radiating  arrangement,  and,  at  the  periphery,  to 
a' 


Fig.  277. — Portal  Cirrhosis  of  the  Liver,  a,  a! ,  tracts  of  fibrous  tissue 
enclosing  masses  of  fatty  liver-cells.  The  distinction  between  the 
different  lobules  and  the  radiating  arrangement  of  the  cells  is 
entirely  lost,    x  25. 

undergo  fatty  degeneration,  atrophy,  and  pigmentation  with  bile.  The 
new  connective-tissue  is  plentifully  supplied  with  blood-vessels  from 
the  hepatic  arteiy.  Later  on  it  contracts,  and  forms  hard  cicatricial 
tissue,  obstructing  the  portal  circulation,  and  thus  giving  rise  to  ascites 
and  to  haemorrhage  from  any  part  of  the  gastro-intestinal  tract 
(Fig.  277),  as  well  as  pressing  on  the  cells  of  the  liver  (Fig.  278). 
Short  columns  of  cubical  cells,  usually  found  in  biliary  cii'rhosis  {vide 
inf'r(i),  are  occasionally  met  with  among  the  new  tissue. 

Naked-etjc  changes. — In  the  earlier  stages  the  liver  is  uniformly 
enlarged,  and  the  edge  is  rounded  and  thickened.  This  increase  in 
size  occasionally  persists,  without  any  contraction,  until  the  disease 
ends  fatally,  but  in  the  large  majority  of  cases  the  atrophy  of  the 

2  H 
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liver-cells  and  tlie  contraction  of  the  new  tissue  are  followed  by 
some  diminution  in  size.    In  some  cases  this  may  be  so  extreme  — 


Fig.  278. — Cirrhosis  of  the  Liver  with  Fatty  Changes,     x  60. 

especially  in  the  left  lobe — that  the  liver  is  less  than  half  its  normal 
weight  [atrophic  cirrhosis),  but  in  at  least  half  the  cases  the  organ  at 


Fig.  279. — Cirrhosis  of  the  Liver.  A  section  from  the  periphery' 
of  a  lobule.  Showing  the  new  growth  of  connective-tissue  and  the 
degeneration  of  the  liver-cells,     x  200. 

the  time  of  death  is  larger  and  heavier  than  normal.  The  capsule 
is  thickened  and  the  surface  is  inieven.  When  the  unevenness  is 
extreme.,  the  liver  is  termed  hohnailed — the  extent  of  this  de|)ending 
upon  the  distribution  and  contraction  of  the  new  tissue  and  upon  the 
atrophy  of  the  cells.     As  a  rule,  the  more  fatty  the  liver,  the  less  the 
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contraction.  The  consistence  of  the  organ  is  also  proj)ortionately 
increased,  and  may  approximate  to  that  of  hard  fibrous  tissue.  Both 
tile  irregularity  of  the  surface  and  the  induration  are  most  marked 
along  the  anterior  edge,  especially  of  the  left  lobe.  On  section,  the 
new  tissue  surrounding  the  lobes,  and  in  many  parts  completely 
replacing  them,  is  visible  to  the  naked  eye.  This  gives  to  the  cut 
surface  a  mottled  granular  appearance,  the  lobules  contrasting  with 
the  new  interlobular  tissue,  and  often  appearing  as  yellow  or  orange 
foci  in  a  pink,  glistening  network.  In  the  large  majority  of  cases  the 
spleen  is  much  enlai'ged,  being  often  double  its  normal  size. 

An  acute  form  is  occasionally  met  with  in  which  the  new  tissue  is 
abundantly  infiltrated  with  leucocytes  {i-ed  atrophic  liver),  the  disease 
ending  f^itally  in  a  few  months. 

2.  Biliary  Cirrhosis. — In  the  typical  instances  of  this  com- 
paratively rare  form  of  cirrhosis  the  new  fibrous  tissue  is  evenly 
distributed  between  all  the  lobules  (imilobidar  cirrhoxis),  and  even 
invades  the  intercellular  network.  The  bile-ducts  outside  the  lobules 
are  large  and  tortuous,  and  their  external  coat  is  thickened.  Scattered 
through  the  new  tissue — in  the  majorit}'  of  cases — are  short  columns 
of  cubical  cells,  often  arranged  in  double  rows.  By  some  these  are 
regarded  as  attempts  at  regeneration  on  the  pai*t  of  the  liver-cells  or 
bile-ducts ;  by  others,  as  degenerated  liver-cells  or  the  surviving 
remnants  of  bile-ducts.  Adami  considers  the  condition  is  due  to  a 
partial  reversion  to  the  original  hepatic  follicles  found  in  the  earliest 
stages  of  the  development  of  the  liver,  and  suggests  the  name 

'  "reversionary  degeneration." 

Naked-eye  changes. — The  liver  is  uniformly,  and  often  enormously, 
enlarged.  Its  surface  is  smooth,  its  consistence  firm,  and  its  colour 
almost  olive.  On  section,  the  new,  evenly  distributed  tissue  can  be 
readily  made  out.  No  marked  contraction  occurs,  and,  although 
jaundice  is  generally  present,  ascites  is  extremely  rare,  and  the  liver 
remains  large  and  smooth  to  the  end.  Enlargement  of  the  spleen 
occurs  at  an  early  stage. 

3.  Pericellular  Cirrhosis. — In  adults,  on  rare  occasions,  and 
frequently  in  infants,  dead  from  congenital  syphilis,  new  connective- 
tissue  is  found  uniformly  infiltrating  the  whole  organ,  and  penetrating 
everywhere  between  the  degenerating  liver-cells  (Fig.  213,  p.  382). 
Scattered  groups  of  small  round  cells  suggest  the  commencement  of 
gummata.    The  liver  is  large,  and,  in  most  cases,  uniform  in  colour. 

Other  rare  forms  of  ciiThosis  are  occasionally  met  with.  (1)  Arterio- 
sclerosis may,  in  the  liver,  as  in  other  organs,  lead  to  slight  fibroid 
changes  (p.  454).  (2)  Long-continued  passive  congestion  may  also 
produce  a  development   of  fibrous  tissue  around  the  intralobular 
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veins  (p.  I'JO).  (3)  Cirrliosis  may  occur  with  jjerihejiatitis  (p.  480), 
and  (4)  in  a  localised  form  with  syphilis  (p.  .382). 

A  large  number  of  cases  also  occur  in  which  the  characters  of  the 
three  types  described  are  so  intermingled  that  many  writers  deny  the 
utility  of  the  classification  ado])ted,  which  indeed  can  only  be  regarded 
as  representing  a  provisional  arrangement  of  the  facts  known. 

13oix,  under  the  name  of  "dyspeptic  cirrhosis,"  describes  a  uniformly 
enlarged  liver  in  which  the  infiltration  is  interlobular  and  intralobular, 
but  which  does  not  affect  the  nutrition  of  the  cells.  The  disease  may 
disappear  under  treatment,  or,  after  about  ten  years,  pass  into  the 
atrophic  form.  The  spleen  is  not  enlarged,  and  there  is  neither 
jaundice  nor  ascites.  Lancereaux,  and  many  other  authorities,  recog- 
nise a  definite  variety  of  cirrhosis,  due  to  malaria ;  in  this  form  an 
irregular  intralobular  fibrosis  precedes  a  similar  intercellular  change.  A 
form  also  occurs  in  which  a  large  amount  of  iron-containing  pigment 
is  deposited  in  the  livei'-cells  and  in  the  capillary  walls,  and  a  few 
instances  in  which  adenomatous  and  even  carcinomatous  growths  may 
be  intermingled  with  the  fibrous  tissue. 

The  term  lujjyeiirophic  cirrhosis  is  not  infrequentl}^  used  as  a  synonj'm 
of  biliary  cirrhosis  ;  it  is  also  employed  to  designate  the  enlarged  stage 
of  poi'tal  cirrhosis  ;  and  again  to  denote  a  form  of  portal  cirrhosis  not 
unlike  that  which  Boix  describes,  supposed  to  remain  stationarj^  without 
any  contraction  throughout  its  course. 

PATHOLOGY. — The  site  and  gradual  dex^elopment  of  portal 
cirrhosis  establishes  a  probability  that  the  disease  is  due  to  some  slowly 
acting  irritant  conveyed  by  the  tributaries  to  the  portal  vein  and, 
therefore,  derived  either  (1)  from  the  gastro-intestinal  tract,  or  (2) 
from  the  spleen. 

1.  In  the  great  majority  of  instances  the  irritant  seems  to  be 
absorbed  from  the  stomach  or  intestine.  In  most  cases  there  is  a  clear 
history  of  chronic  alcoholism.  The  form  in  which  the  alcohol  is  taken 
does  not  seem  to  be  of  much  importance.  In  one  country  it  is  beer  ; 
in  another,  wine  ;  in  a  third,  spirits.  But  how  the  alcohol  acts,  and  to 
what  causes  are  due  those  cases  in  which  no  such  antecedents  have 
occurred,  are  vexed  questions.  According  to  the  old  view,  the  alcohol 
itself  was  the  irritant ;  according  to  later  authorities,  the  products  of 
fermentation  to  which  the  ingestion  of  alcohol  would  contribute,  and 
in  which  acetic  acid  takes  the  most  promhient  part,  are  believed  to  be 
the  chief  toxic  agents ;  and,  according  to  a  third  theory,  the  actual 
causes  of  the  disease  are  the  toxines  of  organisms  which  are  enabled 
to  thrive  among  the  tenacious  mucus  which  lines  the  alimentary  tract 
in  those  suffering  from  chronic  alcoholic  catarrh,  or  which  actually 
find  their  way  to  the  portal  zone  of  the  lobules  of  the  liver  (Adami). 
Most   of  the  later  views  are  based  principally  u]Jon  experimentjil 
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evidence.  To  a  large  extent  this  is  contradictory,  and,  indeed,  in  other 
ways  unsatisfactory,  for  the  periods  over  which  the  poisons  were 
administered  were  much  shorter  than  those  usually  required  to  develop 
chronic  cirrhosis  in  man. 

2.  ChaufFard  has  suggested  that  substances  derived  from  the  spleen 
may  act  as  causes  of  portal  cirrhosis.  He  points  out,  in  addition  to  various 
a  priori  considerations,  that  in  several  diseases,  of  which  malaria  and 
typhoid  fever  are  typical  examples,  the  spleen  acts  as  a  storehouse  of 
infective  pai*asites,  and  that,  in  these  diseases,  secondary  phlebitis  of 
the  splenic  vein  and  subsequent  hepatitis  have  been  found.  According 
to  Chauffai-d,  the  poison  is  probably  derived  from  the  spleen  in  those 
cases  in  which  enlargement  of  this  organ  appears  to  precede  the 
cirrhosis  of  the  liver.  There  is  more  evidence  in  favour  of  a  splenic 
origin  of  acute  hepatitis  and  of  malarial  and  biliary  cirrhosis  than  of  a 
similar  causation  of  the  ordinary  atrophic  form. 

Biliari/  Ciirhosis  is  generally  believed  to  be  of  infective  origin,* 
and  is  most  likely  due  to  (l)  inflammation  of  the  bile-ducts  produced 
by  the  elimination  of  some  poisons  excreted  in  the  bile — for  certain 
poisons  (toluylenediamine)  have  been  shown  capable  of  causing  such 
an  inflammation ;  and  more  rarely  to  (2)  direct  extension  fi'om  the 
duodenum  up  the  bile-passages. 

From  these  hypotheses  it  will  be  seen  that  the  occurrence  of  the 
mixed  forms  of  cirrhosis  can  be  readily  explained  on  the  supposition 
that  the  poisons  capable  of  producing  each  form  occur  simultaneously 
in  a  single  case. 

It  may  be  asked  how  far  the  atrophy  of  the  liver-cells  in  cirrhosis  is 
due  to  the  immediate  effect  of  the  poison  and  how  far  to  the  pressure 
exerted  by  the  new  tissue.  Many  facts  seem  to  preclude  an  exclusive 
reply  in  either  direction.  On  the  one  hand,  atrophy  does  not  always 
occur  and  the  new  tissue  is  coarser  than,  and  far  in  excess  of,  that 
required  to  compensate  for  the  atrophy  that  has  occurred  ;  on  the 
other,  the  atrophy  may  commence  before  any  apparent  pressure  is 
exerted.  There  seems  to  be  no  good  reason  why  the  cause  of  the 
cirrhosis  should  not  in  many  cases,  if  not  in  all,  have  a  direct  influence 
upon  the  nutrition  of  cells  and  thus  tend  to  cause  their  atrophy  ;  and, 
fiirther,  when  the  new  tissue  has  commenced  to  contract,  it  is  highly 
probable  that  the  nutrition  of  the  cells  upon  which  the  pressure  is 
exerted  will  be  still  further  impaired. 

Acute  Yellow  Atrophy. 

This  rare  disease  of  the  liver  is  characterised  by  a  rapid  diminu- 
tion in  the  size  of  the  organ,  accompanied  by  the  degeneration  and 

•  The  reader  is  referred  to  a  very  able  article  on  "  Cirrhosis  of  the  Liver,'  by  Adanii, 
in  Sajous  Annual  of  Medical  Sciences  for  1899. 
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subsequent  destruction  of  the  hepatic  cells.  Haemorrhages  from  any 
part,  jaundice,  and  delirium  are  among  the  princijjal  manifestations  of 
the  disease.  The  malady  is  commonest  in  women,  and  is,  in  this  sex, 
generally  associated  Avith  pregnancy.  The  liver  may,  in  the  course  of 
a  few  days,  be  reduced  to  less  than  half  its  normal  l)ulk,  being 
especially  dimini.slied  in  thickness.  It  is  soft  and  flabby  in  consistence, 
bloodless,  and  of  a  mottled  yellowish-red  colour.  A  section  through 
the  organ  shows  numerous  intermingled  patches,  dark  red  and  bright 
orange  in  colour;  in  the  lighter  parts  the  lobules  are  generally  in- 
distinguishable. When  examined  microscopically,  it  is  found  that  the 
protoplasm  of  the  liver-cells  is  comjjletely  replaced  by  granular  debris, 
fat-granules,  and  pigment,  and  that  many  of  the  cells  have  absolutely 
disappeared.  In  the  earlier  stages,  the  small  bile-ducts  are  filled  with 
debris.  Tyrosin  and  leucin  have  been  found  in  the  disintegrated  liver- 
tissue  and  in  the  hepatic  veins.  Branched  tube-like  collections  of 
cubical  cells,  suggestive  of  bile-ducts,  are  frequently  seen  among  the 
surviving  stroma  (p.  483).  The  kidney  and  spleen  undergo  very 
similar  changes.  The  pathology  of  this  disease  is  exceedingly  obscure. 
It  is  generally  regarded  as  an  acute  degeneration,  depending  on  some 
unknown  toxic  cause  derived  from  intestine  or  spleen.  The  jaundice 
is  jjrobably  due  to  the  blocking  of  the  smallest  ducts  with  the  products 
of  degeneration. 

A  somewhat  similar  condition  occurs  in  acute  phosphorus 
poisoning ;  although  in  this  case  the  liver  is  enlarged,  and  the 
patches  of  yellow  and  red  are  never  so  distinct. 

Gall-stones. 

Gall-stones  are  concretions,  generally  formed  during  late  adult  life, 
either  in  the  hepatic  ducts  or  in  the  gall-bladder.  In  size  they  range 
from  mere  gritty  particles  to  masses  as  large  as  pigeons'  eggs.  The 
number  found  in  a  single  gall-bladder  varies  from  one  stone  to  several 
thousands.  In  colour  they  vary  from  a  pearly  white  to  a  greenish 
black.  Occasionally,  when  distinctly  crystalline  to  the  naked  eye, 
they  may  be  pale  yellowish  green  and  semi-transparent.  As  a  rule, 
they  can  be  easily  crushed  between  the  fingers,  and  are  so  light  that 
when  dried  they  float  on  water.  They  are  generally  quadrilateral  or 
prismatic  in  shape,  with  some  sides  flattened,  owing  to  mutual  jiressure 
while  the  stones  are  still  soft.  These  flattened  surfaces  are  termed 
facets.  Single  stones  are  never  faceted ;  neither  are  very  small  ones, 
as  they  can  roll  easily  on  one  another  without  exei-ting  any  marked 
pressure.  Facets  occur  chiefly  in  calculi  of  medium  size,  if  more  than 
two  or  three  be  present :  they  are  not  due  to  erosion  after  the  stones 
are  formed^  as,  on  section,  the  same  laminte  can  be  traced  all  round 
the  stone  (Fig.  280). 
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When  carefully  examined,  a  gall-stone  is  found  to  consist  of  a  soft 
nucleus  and  a  harder  laminated  crust.  Within  the  nucleus,  thei-e  is 
often  a  cavity.  Both  nucleus  and  crust  may  be  of  the  same  compo- 
sition. Cholesterin  and  bilirubin-calcium  are  the  most  important 
constituents.  Crystalline  stones  consist  mainly  of  the  former,  and  the 
largest  calculi  are  generally  made  up  of  pure  cholesterin ;  but  a  stone 
consisting  mostly  of  this  substance  is  by  no  means  always  crystalline. 


Fig.  280. — Gall-stones,  a,  b,  are  gall-stones  formed  in  each  case  singly  ; 
a  is  composed  of  almost  pure  cholesterin  ;  b  consists  of  bilirubin- 
calcium  and  chole=terin  ;  c,  d,  e,  f  are  examples  of  various  forms 
occmring  in  different  cases,  and  in  each  instance  in  large  numbers  ; 

ten  similar  stones  were  removed  from  a  gall-bladder,  the  white 
portions  of  the  outer  layer  are  composed  of  cholesterin,  the  dark 
edges  of  bilirubin-calcium  ;  A  is  a  magnified  view  of  one  of  the 
other  stones  from  the  same  case,  showing  the  origin  of  the  central 
cavity  with  its  crystallised  contents  and  the  various  added  layers. 

PATHOLOGY. — It  was  formerly  supposed  that  foreign  bodies 
acted  as  the  nuclei  of  gall-stones,  and  that  cholesterin  and  other  biliary 
constituents  were  deposited  from  concentrated  or  otherwise  altered, 
bile.  It  has,  however,  been  shown  experimentally  that  the  introduc- 
tion of  foreign  bodies  into  the  gall-bladders  of  dogs  does  not  cause 
any  such  precipitation,  and  that  if  gall-stones  themselves  are  intro- 
duced into  a  normal  gall-bladder  they  dissolve  and  disappeai-.  It  has 
also  been  shown  that  an  important  source  of  cholesterin  is  an  extensive 
destruction  of  the  lining  epithelium,  and  that  the  precipitation  of 
bilirubin-calcium  is  induced  by  the  presence  of  albumin  in  the  bile. 
From  these  and  other  facts  it  is  believed  that  a  mildly  infective  catarrh 
of  the  lining  membrane  of  the  ducts  is  the  first  stage  in  the  production 
of  calculi.  Such  catarrh  can  be  produced  experimentally  by  the  in- 
troduction into  the  gall-bladder  of  attenuated  cultures  of  the  colon- 
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bacillusj  of  the  typhoid-bacillus,  and  of  the  ordinary  jjyogenie  cocci. 
The  catarrh  is  accomi)anied  by  the  desquamation  and  disintegration  of 
tlie  epithelium,  and  by  the  exudation  of  albuminous  fluid.  IJiiiruhin- 
calciuni  next  separates  out,  especially  from  stagnant  bile,  and,  with  tlic 
desquamated  epithelium,  forms  a  nucleus  round  which  a  shell  of  more 
bilirubin-calcium  is  deposited.  As  the  epithelium  disappears,  a  central 
cavity  is  left  which,  later  on,  is  generally  filled  up  with  cholesterin 
derived  from  the  disintegrated  epithelium.  Further  layers  are  sub- 
sequently deposited,  but  always  together  with  albuminous  matter, 
for,  if  the  salts  be  dissolved  out  artificially,  a  complete  organic  frame- 
work remains. 

EFFECTS. — A  gall-stone  mayblock  theduct  in  which  it  is  formed, 
or  to  which  it  may  be  carried,  and,  in  that  way,  give  rise  to  obstructive 
jaundice  (p.  66).  By  the  irritation  of  its  presence  it  may  produce 
inflammation  and  ulceration  of  the  wall  of  the  duct  or  bladder,  and,  if 
pyogenic  organisms  are  f)resent,  give  rise  to  an  abscess.  From  the  gall- 
bladder, or  from  the  ducts,  calculi  may  escape  into  the  duodenum.  In 
some  instances  a  stone  in  the  gall-bladder,  or  in  the  common  duct 
near  its  entrance  into  the  intestine,  may  produce  inflammatory 
adhesions  of  the  neighbouring  parts  and  subsequent  ulceration.  By 
this  means  a  stone  too  large  to  pass  through  the  orifice  of  the  duct  is 
enabled  to  make  its  way  into  the  bowel,  and  lower  down,  where  the 
lumen  of  the  intestine  is  smallest,  to  give  rise  even  to  intestinal 
obstruction. 


X.  DISEASES  OF  THE  KIDNEY. 

Suppurative  Nephritis. 

Suppurative  nephritis  results  from  the  transmission  to  the  kidneys 
of  pyogenic  bacteria  from  some  primary  focus.  It  may  occur  (l)  as  one 
of  the  lesions  in  pyaemia  ;  or  (2)  may  be  associated  with  some  p3-ogenic 
inflammation  of  the  lower  urinary  passages.  In  pyaemia,  the  infective 
organisms  are  transmitted  by  the  blood-vessels.  In  the  other  cases 
they  reach  the  kidney  by  direct  infection  from  the  lower  urinary 
passages. 

As,  however,  regurgitation  of  urine  from  the  bladder  into  the 
ureter  does  not  occur,  bacteria  often  thrive  in  the  former  organ  for 
considerable  periods  without  infecting  the  ureter  and  kidney.  ^^  hen 
infection  does  occur  it  is  sometimes  due  to  the  growth  of  organisms 
in  ropy  mucus,  lying  as  a  cord  in  the  opening  of  an  inflamed  ureter  ; 
but  is  more  frequently  the  result  of  the  transmission  of  bacteria  by 
the  lymphatics  of  the  ureters. 
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1.  The  abscesses  met  with  in  the  kidney,  as  the  result  of  pysemia, 
are  confined  jjrincipally  to  the  cortex,  and  resemble  pya-mic  abscesses 
in  other  organs.  They  are  usually  multiple,  and  are  often  surrounded 
by  a  narrow  zone  of  red  hyperaemic  tissue.  They  usually  originate 
around  the  glomeruli,  in  the  capillary  tufts  of  which  the  organisms 
have  been  arrested.  Their  size  varies  from  a  mere  point  to  that  of  a 
filbert.  Their  characters  have  been  already  described  and  illustrated 
(pp.  155,  329). 

2.  When  the  suppurative  inflammation  is  due  to  infection  from  the 
lower  urinary  passages  {cicute  surgical  kidney,  acute  consecutive  nephritis), 
the  pelvis  of  the  kidney  is  generally  acutely  inflamed,  and  many  of  the 
convoluted  tubes  are  crammed  with  micrococci.  These  seem  to  ascend 
from  the  pelvis  along  the  tubes,  distending  them,  and  giving  rise, 
along  their  line  of  growth,  to  cloudy  swelling,  coagulation-necrosis, 


Fig.  281. — Suppurafive  Nephritis.  Showing  crowds  of  micrococci 
ascending  along  the  tubules.  Almost  all  nuclei  in  their  vicinity 
have  disappeared.  The  tissues  seem  to  have  undergone  coagula- 
tion-necrosis.    X  90. 

and  either  suppuration  or  a  diffuse  infiltration  of  the  interstitial  tissue 
with  leucocytes  (Fig.  281).  The  urine  in  the  pelvis  of  such  kidneys 
usually  contains  pyogenic  organisms. 

The  cortex  of  such  a  kidney  is  thickened,  soft,  and  pale  as  com- 
pared with  the  deep  red  pyramids  ;  its  consistence,  however,  will  vary 
with  the  presence  or  absence  of  chronic  interstitial  changes.  The 
capsule  strips  easily,  often  tearing  the  substance  a  little,  and  exposing 
on  the  surface  groups  of  yellow  spots.  These  yellow  dots  are  never 
larger  than  a  split  pea  ;  each  is  surrounded  by  a  red  zone,  and  many 
of  them  contain  a  drop  of  pus.  On  section,  yellow  streaks  are  often 
seen  extending  from  the  superficial  lesions  into  the  cortex ;  others 
exist  in  the  pyramids. 

Hydronephrosis. 

Chronic  changes  in  the  kidney  result  from  diseases  causing  obstruc- 
tion in  the  lower  urinary  passages.    They  occur  in  association  with 
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renal  and  vesical  calculi,  obstructed  ureter,  urethral  stricture,  and 
enlai'gement  of  the  prostate. 

When  the  How  of  urine  from  the  ureter  into  the  bladder  is 
permanently  imjmired  by  any  form  of  obstruction,  the  increased 
pressure  due  to  the  force  of  secretion,  aided  by  that  of  gravity, 
seems  to  expend  itself  in  gradually  dilating  the  ureter,  the  pelvis, 
and  the  pyramids,  and  finally,  the  tubules  even  to  their  closed  ends 
(Jii/droncphivsis),  leading  to  atroj)hy  of  the  tubular  epithelium  and 
increase  and  induration  of  the  interstitial  tissue.  When  the  obstruction 
to  the  outflow  is  confined  to  one  kidney,  that  organ  is  alone  affected. 

The  overgrowth  of  the  intei'stitial  tissue  is  exceedingly  irregular 
in  distribution  and  amount.  It  occurs  both  in  the  pyramids  and 
cortex  (chronic  consecutive  nepkrilis).  The  tubules  are  in  some  parts 
found  blocked  with  epithelium,  whilst  in  others  they  are  wasted  or 
obliterated.  Owing  to  these  changes,  the  kidneys  are  somewhat 
enlarged,  the  capsule  is  slightly  adherent,  the  cut-surface  is  paler  than 
natural,  and  the  consistence  of  the  organs  is  abnormally  tough.  The 
walls  of  the  small  arteries  are  not  thickened.  As  the  process 
advances,  the  j^Ji'^naiflal  portions  gradually  become  absorbed,  the 
absorption  commencing  at  the  papillee  and  extending,  until  ultimate!}' 
not  only  the  pyramids  but  also  the  thickened  cortex  may  disappear, 
and  the  kidney  be  converted  into  a  large  cyst  divided  into  sacculi  by 
fibrous  septa  (hydronephrosis).  If,  on  the  other  hand,  the  urinary 
obstruction  be  removed,  the  processes  of  Inflammation  and  absorption 
may  cease,  and  the  indurated  kidney  will  then  become  contracted. 

Bradford  has  shown  that  if  hydronephrosis  be  artificially  induced, 
atrophy  of  the  tubules  and  shrinking  of  the  remaining  epithelium 
occur  even  when  the  obstruction  is  removed  and  the  kidney  com- 
pletely drained. 

Parenchymatous  Nephritis. 

Parenchymatous  nephritis  includes  those  forms  of  inflammation  of 
the  kidneys  in  which  the  secreting  tissues  are  pi-imarily  affected. 
The  damage  is  caused  by  substances  reaching  the  kidneys  by  way  of 
the  blood-stream.  While  in  ordinary  metabolism  the  waste  products 
escape  by  the  glomeruli  or  are  excreted  by  the  tubular  epithelium, 
without  any  injury  to  the  structures  concerned,  the  substances  giving 
rise  to  parenchymatous  nephritis  cause  damage  to  the  tissues  in  the 
process  of  their  excretion,  and  in  this  way  lead  to  changes  in  the 
glomeruli  or  in  the  renal  tubules,  or  in  both  of  these.  These  changes, 
supplemented  by  more  or  less  inflammatory  reaction,  give  rise  to  the 
morbid  appearances  characteristic  of  the  disease. 

The  actual  substances  producing  these  results  are,  to  a  limited 
extent,  known.     Thus   (1)  cantharides,  turpentine,  conijiounds  of 
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phosphorus,  and  salts  of  mercury  and  arsenic  are  well  ascertained 
causes.  (2)  Bacterial  toxines  and  tlie  products  of  the  disordered 
metabolism  occurring  in  diseases,  the  bacterial  origin  of  which  cannot 
yet  be  positively  affirmed,  form  another  important  group ;  including, 
among  others,  diphtheria,  scarlatina,  typhoid  fever,  acute  pneumonia, 
and  septicaemia.  In  some  of  these  the  actual  organisms  reach  the 
kidneys  and  produce  local  lesions  there.  (3)  Other  diseases, 
such  as  gout  and  diabetes,  accompanied  by  grave  disorders  of  meta- 
bolism, also  act  as  causes  of  parenchymatous  nejihritis.  (4)  Many 
instances  of  the  disease  occur  apart  from  the  foregoing  causes.  Some 
cases  occur  in  persons  suffering  from  alcoholic  excess,  prolonged 
exposure  to  cold  and  wet,  extreme  exhaustion,  or  any  combination  of 
these.  To  these  cases  no  definite  causation  can  be  assigned,  but  in 
most  of  them  the  existence  of  disordered  metabolism  is  highly 
probable. 

The  altered  composition  of  the  urine  furnishes  the  first  evidence  of 
the  damage  to  the  kidneys.  The  injured  glomeruli  permit  the  escape 
of  serum-albumin,  serum-globulin,  and,  in  severe  cases,  of  blood.  The 
necrosed  or  degenerating  tubular  epithelium  becomes  entangled  in  the 
blood  or  albuminous  fluid  thus  secreted  and  forms  moulds  of  the  renal 
tubules.  These  block  the  tubules  and  prevent  the  escape  of  urine, 
while  portions  of  them  appear  in  that  secretion  as  cylindrical  casts.  The 
amount  of  urine  and  of  urea  secreted  is  diminished,  and  oedema  of  the 
loose  connective-tissue  occurs.  That  these  results  ai-e  not  due  solely 
to  the  diminished  amount  of  renal  tissue  available  for  secretion  is 
probable  from  the  experiments  of  Bradford,  who  has  shown  that  the 
effect  of  excising  large  portions  (two-thirds  of  the  total  amount)  of 
kidney-substance  is  to  increase  the  quantity  of  urine  and  of  excreted 
urea,  although  at  the  same  time  the  amount  of  urea  produced  in  the 
body  is  so  great  that  it  accumulates  in  the  blood.  This  result  may  be 
due,  as  Bradford  hints,  to  the  cessation  of  the  action  of  an  internal 
secretion  normally  supplied  by  the  kidney. 

VARIETIES. — Parenchymatous  nephritis  is  generally  divided 
into  two  varieties,  gloniei'idar  nephritis  and  tubular  nephritis.  In  the 
glomerular  variety  the  glomeruli  are  the  principal  seats  of  the  disease 
and  may  be  the  only  parts  affected.  In  the  tubular  variety  the 
tubules  are  affected  equally  with,  and  sometimes  even  more  than,  the 
glomeruli.  Tubular  nephritis  is  subdivided  into  acute  and  chronic 
varieties. 

MORBID  ANATOMY.  (1)  Naked  eye. — In  the  g/oweru/artorm 
the  naked-eye  appearances  may  be  absolutely  normal,  though  occasion- 
ally the  glomeruli  stand  out  as  sharply  defined  grey  points.  In  the 
luhnlar  form  the  kidneys  are  always  larger  than  normal  and  may  be 
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increased  to  twice  their  natural  size.  The  enlargement  is  due  partly 
to  hypenemia,  partly  to  distension  of  the  tubules,  and  j)artly,  in  some 
cases,  to  oedema  of  the  intertubular  tissue.  The  capsule  separates 
readily,  exposing  a  smooth  and  often  hypera-mic  surface.  The 
consistence  is  diminished,  and  the  substance  soft  and  friable.  On 
making  a  longitudinal  section,  the  increase  in  the  size  of  the  organ  is 
seen  to  be  mainly  due  to  swelling  of  the  cortical  portion.  This  may 
be  pale  or  dark,  but  is  generally  mottled — reddish  patches  being 
mingled  with  those  of  an  opaque  white  or  buff  colour.  The  differ- 
ences in  colour  depend  upon  the  proportion  which  the  iiyperaemia 
■and  haemorrhage,  on  the  one  hand,  bear  to  the  accumulation  of 
degenerated  tubular  epithelium,  on  the  other.  In  the  earliest  stages 
of  the  most  acute  forms  of  the  disease  the  cortex  is  generally  redder 
than  natural,  but  it  soon  becomes  pale  and  opaque.  This  is  owing  to 
the  progressive  necrosis,  degeneration  and  accumulation  of  the  tubular 
epithelium.  When  haemorrhage  has  occurred  into  Bowman's  capsule, 
the  Malpighian  bodies  stand  out  as  prominent  red  points.  The 
pyramids  in  the  medulla  are  of  a  deep  red  colour,  contrasting  strongl_v 
with  the  pale  opaque  cortex. 

(2)  Microscopic. — In  the  glomerular  form,  of  which  the  most  typical 
instances  may  be  seen  in  scarlatina,  the  changes  are  often  confined  to 
the  Malpighian  bodies.  The  intracapsular  spaces  are  found  to  contain 
a  number  of  new  and,  as  a  rule,  degenerated,  cells.  Some  of  these 
are  derived  fi-om  the  cells  which  once  covered  the  vascular  tuft  and  lined 
the  capsule  which  may  have  thus  lost  all  its  epithelium.  Mixed  with 
these  may  be  a  few  leucocytes  and  possibly  a  few  cells  derived  from 
the  endothelium  of  the  capillaries.  Some  of  the  capillai-y  loops  are 
distended  and  contain  an  unusually  large  proportion  of  leucocytes 
which  not  infrequently  show  signs  of  degeneration,  while  the  endothe- 
lial cells  are  much  swollen  and  often  proliferated.  The  new  cells  are 
sometimes  accompanied  by  so  much  albuminous  exudation  that  the 
vascular  tuft  is  compressed  and  the  circulation  through  it  thereby 
impeded.  In  some  cases  the  intima  of  the  minute  arteries,  especially 
of  those  supplying  the  glomeruli,  undergoes  hyaline  degeneration  with 
consequent  narrowing  of  the  lumen  of  the  affected  vessels.  The  muscular 
cells  of  the  .smaller  arteries  may  also  be  thickened  and  the  nuclei  in- 
creased. Cloudy  swelling  of  the  epithelium  in  the  convoluted  tubes 
may  be  supei'added. 

In  the  most  acute  cases,  a  cellular  infiltration  of  the  intertubular 
connective-tissue  may  occur,  with  marked  degeneration  of  the  epithe- 
lium and  a  crowding  of  the  tubes  with  leucocytes.  The  cellular  infil- 
tration is  especially  prone  to  occur  in  the  neighbourhood  of  the  inter- 
lobular and  stellate  veins ;  but  these  cases  closely  approximate  to  the 
tubular  variety. 

In  tubtilar  nephritis  the  glomeridi  undergo  much  the  same  changes 
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as  in  the  previous  variety.  Tubular  nephritis  is,  however^  generally 
more  intense  ;  the  hyperaemia  is  therefore  more  marked,  and  hasmor- 
rhage  into  Bowman's  capsule  and  the  tubules  is  morefrequent  (Fig.  282). 
In  the  kidneys  of  persons  dying  in  an  early  stage  of  the  disease,  large 
numbers  of  red  corpuscles  may  accordingly  be  seen  in  the  Malpighian 


Fig.  282. — Acute  Tubular  Nephritis,  a,  capillary  tufts  of  glomerulus, 
containing  a  large  number  of  leucocytes  ;  i5,  proliferated  and  desqua- 
mated cells  of  capsule;  r,  extravas^ ted  red  blood-corpuscles ;  d,  d', 
capillary  blood-vessels  ;  e,  degenerated  epithelial  cells  detached  from 
wall  of  tubule ;  /,  granular  degeneration  of  tubular  epithelium ;  g, 
thickened  intertubular  tissue  ;  capsular  epithelium  ;  /,  extravasated 
blood-corpuscles  in  tubule  ;  j,  extravasated  blood  in  intertubular 
tissue  ;  k,  slightly  degenerated  epithelium  ;  /,  one  of  many  tubules 
presenting  various  degrees  of  degeneration  or  necrosis  of  their  epi- 
thelium.   X  225. 

bodies,  pushing  to  one  side  the  vascular  tufts,  as  well  as  in  the  tubules, 
which  may  be  distended. 

The  tubules  show  marked  changes.  These  are  generally  most 
prominent  in  the  convoluted  tubes,  although  they  may  be  almost  as 
advanced  in  the  straight  tubes.  In  the  most  acute  cases  many  of  the 
epithelial  cells  are  necrosed  and  their  nuclei  remain  unstained  (Fig.  282). 
More  frequently,  especially  when  the  onset  of  the  disease  is  less  intense. 
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the  cells  untlergo  cloudy  swelling  and  fatty  degeneration  (Fig.  283). 
The  dead  and  damaged  epithelium  becomes  detached  and  collects  in 
the  tubiilt'S. 


Fig.  283. — Tubular  Nephritis.  The  earlier  stage  of  the  process.  Show- 
ing the  sweUing  of  the  tubular  epitheUum,  and  some  exudation- 
products  in  the  urine-tubes.  In  some  of  the  tubes  the  epithelium 
has  fallen  out  during  the  preparation  of  the  section,     x  200. 

The  coagulable  exudation^  which  now  enters  the  tubules  from  the 
Malpighian  bodies,  forms  the  basis  of  the  numerbus  casts  which  block 
the  tubules  and  give  rise  to  a  scanty  deposit  in 
the  urine.  The  basis  or  matrix  of  these  casts  is 
transparent  and,  when  no  other  material  is  em- 
bedded In  them,  they  are  known  as  Injalinc  casts. 
Casts  containing  blood,  desquamated  epithelium, 
leucocytes,  granular  debris,  or  fatty  molecules,  are 
named  according  to  their  respective  contents 
(Fig.  284). 


F.G.  ^84.-Tui,uiar  Ne- ,  LATER  CHANGES.  -  At  this  stage 
phritis—a  Single  Tu-  the  changes  already  described  may  subside  and, 
bule.   Showing  the  ac-  exception  of  some  desquamation  of 

cumulation  within  the    ,  1        -.i    i-  r    •.\         j  i- 

tube.  Inthefewepithe-  'damaged  epithelmm,  no    further  degenerative 

lial  cells  which  have  changes  take  place  in  the  kidneys.  Many  of  the 
escaped,  the  granular  surviving  epithelial  cells  proliferate,  but  in  all 
condition  of  the  proto-  probability  the  repair  is  never  absolutelycomplete. 
plasm  IS  seen,     v  200.    '  ^  i  .  1  '  1 

Thus  the  organs  return  to  about  their  normal 

condition,  although,  for  some  weeks  longer,  casts  and  albumin  may  be 
passed  in  the  urine. 

In  other  cases  the  disease  progresses,  and,  although  the  hyperemia 
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is  less  marked,  the  degeneration  of  the  tubular  epithelium  continues. 
Ill  these  cases,  as  well  as  in  others  in  which  the  onset  has  been  far  less 
acute,  the  desquamated  epithelial  cells  which  come  away  with  the 
urine,  instead  of  presenting  a  swollen  granular  appearance,  as  in  the 
earlier  stages,  constantly  contain  molecules  of  fat.  The  amount  of  fat 
thus  passed  gradually  increases  as  the  degeneration  proceeds  until 
ultimately  no  recognisable  cells  can  be  found,  and  the  fat  appears  as 
free  globules  in  the  tube-casts. 

This  prolonged  fatty  degeneration  of  the  epithelium  is  attended 
by  corresponding  changes  in  the  appearance  of  the  kidneys.  No 
liyperaemia  is  noticeable.  The  enlarged  cortex  presents  a  more 
uniforml)-  yellowish-white  tinge,  studded  with  minute  yellowish  streaks 
owing  to  the  presence  of  fat  in  the  tubes.  Even  at  this  stage  repair 
may  occur  and  ultimate  recovery  ensue. 


FiG.  285.  —  Tubular  Nephritis  (Large  White  Kidney).  Duration  of  disease, 
six  months.  Kidneys,  large ;  capsules,  non-adherent ;  surface, 
smooth  ;  tissue,  soft.  Showing,  in  addition  to  the  intratubular  change, 
the  cellular  infiltration  of  the  intertubular  connective-tissue,    x  200. 

When  the  inflammatory  process  is  of  still  longer  duration,  or  when 
the  kidneys  are  the  seats  of  repeated  attacks  of  subacute  inflamma- 
tion, permanent  changes  occur  and  the  intertubular  connective-tissue 
becomes  involved  {large  white  Icidney)  ( Fig.  285).  The  tubular  epithelium 
shows  little  tendency  to  proliferate,  and  consideiVble  portions  of  the 
tubules  maybe  completely  denuded.  The  intertubular  tissue  develops 
into  a  loose  fibrous  structure  which,  together  with  the  atrophy  of 
the  damaged  glomeruli  and  denuded  tubules,  leads  to  much  diminu- 
tion in  size,  especially  of  the  cortex,  and  to  slight  irregularity  of 
surface  {.small  while  Icidneij).  The  new  tissue  is,  however,  more  uniformly 
distributed  and  the  contraction  less  marked  than  in  the  condition 
known  as  granular  kidnci/  (p.  496).  In  other  cases  death  ensues 
before  any  marked  atrophy  has  taken  place,  while  the  tubules  are 
distended  or  blocked   by  the  degenerated  products,  and  the  inter- 
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tubular  tissue  is  loose  and  (I'tlematous  (/ar^/f  ivliile  Icidneij).  Attacks 
of  subacute  inflammation  not  infrecjuently  occur  in  the  course  of  the 
more  chronic  cases  ol'  parenchymatous  nephritis. 


Fig.  286. — Large  White  Kidtuy.    «,  smooth  surface  with  venules  ; 
b,  pale  and  thickened  cortex  ;  d,  dark  pyramids.    Natural  size. 

Chronic  Interstitial  Nephritis. 

It  has  ah-eady  been  shown  that  an  increase  in  the  interstitial  tissue 
of  the  kidney  occurs  in  the  more  advanced  stages  of  tubular  (p.  495), 
and  of  chronic  consecutive  nephritis  (p.  490).  But  this  change  is 
especially  prominent  in  that  most  chronic  of  all  varieties  of  disease  of 
the  kidneys  known  as  mntrmicd  ladneij,  granular  /cidiici/,  rlrr/io.six  of  the 
kidnej),  goulij  kidneij,  or  chroiiic  inlersliiial  nephritis.     In  this  disease, 
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tlie  development  of  fibrous  tissue  is  associated  witli  atrophy  of  the 
glomeruH  and  tubules,  and  changes  in  the  walls  of  the  arteries. 
Clinically,  the  disease  is  characterised  by  an  insidious  onset,  increased 
arterial  tension,  polyuria,  hypertrophy  of  the  left  ventricle  of  the 
heart,  and  degenerative  changes  in  other  tissues.  Albuminuria,  if 
jiresent,  is  sUght,  and  drojjsy  is  absent,  except  as  a  result  of  cardiac 
failure.    The  disease  is  most  fi'equent  in  the  declining  period  of  life. 


Fig.  287. — Granular  Contracted  Kidney,    a,  rough,  granular  surface; 
b,  dark,  narrow  corte.\  ;  c,  c^,  c'^,  cysts  ;  </,  pyramids.    Natural  size. 

It  is  often  associated  with  gout,  chronic  lead-poisoning,  over-indulgence 
in  alcohol,  and,  perhaps  more  often  than  is  generally  believed,  Avith 
syphilis. 

MORBID  ANATOMY — In  a  well-marked  case  (Fig.  287),  the 
kidney  is  much  diminished  in  size.  Its  capsule  is  thick  and  very  ad- 
lierent ;  it  cannot  be  removed  without  tearing  the  substance.  The  surface 
is  coarsely  granular  and  of  a  reddish-grey  tint.  On  section,  the  colour 
of  both  pyramids  and  cortex  is  seen  to  resemble  closely  that  of  the 
surface,  the  distinction  between  cortex  and  pyramid  being  often  by  no 

2  I 
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means  clear.  The  cortex  is,  liowever,  more  mottled,  and  small  patches 
can  sometimes  be  made  out  corresponding  to  the  depressions  between 
the  minute  nodules  on  the  surface  (Fig.  288).    Moreover,  it  is  much 


Fig.  288. — Crn/iii/ar  Con  I  rattled  K'iiliiey.  </,  perirenal  fat;  b.  lliick- 
i;npd  capsule;  c,  wedge-shaped  mass  of  fibrous  tissue  corresponding 
to  depression  between  nodules  on  sur'ace  ;  d,c,  glomeruli  in  different 
stages  of  atrophy;  /,  y,  renal  tubuUs  \g.  It,  fibrous  strands  extending 
from  thickened  capsule  into  cortex  ;  k,  glomerulus  beginning  to 
atrophy,     x  35. 

narrower  and  tougher  than  normal ;  and  small  cysts  are  often  found, 
esjiecially  on  its  surface.  Calcareous  deposits  may  occ.isionally  be 
seen  as  white  strefiks  among  the  tubes  of  the  pyramids.  In  the  earlier 
stages  of  the  disease  all  these  changes  will  be  much  less  marked. 
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If  a  section  cut  through  one  of  the  depressions  just  mentioned  be 
examined  tnicroscopicallt/,  it  will  be  found  to  contain  a  number  of 
shrunken  MaliMghian  bodies  and  a  few  atrophied  or  distended  tubes 


Fig.  289. — Granular  Coii/rac/ed  Kidney.  An  advanced  stage  of  the  pro- 
cess, showing  the  overgrowth  of  interstitial  tissue,  the  thickening  of 
Bowman's  capsule,  and  the  atrophy  of  the  tubules,     x  120 

embedded  in  a  mass  of  fibrous  tissue  (Fig.  289).  Bowman's  capsule 
is,  in  each  case,  more  or  less  thickened. 

The  rest  of  the  cortex  is  by  no  means  uniformly  affected.   In  many 


Fig.  290. — Ar/eries  from  case  of  advanced  Granular  Contracted  Kid- 
ney, a,  longitudinal  section,  showing  the  great  thickening  of 
the  circular  muscular  coat,  also  of  the  outer  fibrous  coat,  and  the 
internal  connective-tissue  layer;  b,  transverse  section  of  another 
vessel  less  diseased.  Here  is  seen  the  thickening  of  the  circular 
muscular  and  external  fibrous  coat,     x  200. 

parts,  the  tubes  are  diminished  in  size  or  completely  obliterated  ;  in 
others,  they  are  dilated  and  filled  with  degenerated  epithelial  jn-o- 
ducts  (Fig.  289).  Their  walls  are  often  thickened.  The  intcrtubular 
tissue  is  increased  throughout,  but  by  no  means  uniformly,  so  that  not 
infrequently  the  cortex  may  be  traversed  by  irregularly  disj)osed 
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fibrous  bands.  The  new  tissue  may  l)e  lai-f^ely  cellular  or  densely 
fibroid.  The  atrophy  of  the  Malpighian  i)odies  and  adjoining  tubes 
may  be  out  of  proportion  to  the  amount  of  interstitial  overgrowth 
(Fig.  288). 

The  walls  of  the  interlobular  arteries  and  the  smaller  cortical 
vessels  are  much  thickened.  Sometimes  the  external  coat  is  princi- 
pally involved,  and  appears  to  be  continuous  with  the  new  intertubular 
tissue.  Sometimes  the  middle  coat  is  thickened,  as  in  the  specimen 
from  which  the  accompanying  illustration  was  taken  (Fig.  290). 
Johnson  attributed  this  to  hypertrophy  of  the  circular  muscular  fibres. 
Recent  observers  emphasize  the  frequency  with  which  the  intima  is 
involved :  the  endarteritis  thus  produced  most  closely  resembles  that 
form  already  described  as  syphilitic  (p.  381).  The  changes  in  the 
arteries  are  by  no  means  limited  to  those  of  the  kidneys,  but  are  found 
in  the  arteries  of  almost  any  part  of  the  body. 

In  some  cases  there  is  marked  thickening  of  the  arterial  walls  and 
atrophy  of  the  glomeruli  and  tubules,  but  no  new  fibrous  tissue 
{(I rte no-sclerotic  kidney — Ziegler). 

PATHOLOGY. — The  relationship  which  these  changes  bear  to 
one  another  is  but  imperfectly  known.  It  is  by  no  means  certain  that 
this  relationship  is,  in  all  cases,  the  same.  Two  explanations  have 
been  suggested.  According  to  the  first  and  older  \dew,  the  changes 
are  due  to  the  action  of  some  unknown  irritant,  conveyed  by  the 
blood  to  the  kidneys,  which  causes  proliferation  of  the  connective- 
tissue  in  the  immediate  neighbourhood  of  the  vessels.  According  to 
this  explanation,  a  granular  kidney  is  analogous  to  a  cirrhotic  liver. 
The  thickening  in  the  vessels  and  the  increase  in  the  intertubular 
tissue  are  the  earliest,  and  practically  simultaneous,  changes :  while 
the  atrophy  of  the  secreting  tissue  is  due  to  the  results  of  the  con- 
.traction  of  the  chronic  inflammatory  tissue. 

According  to  a  more  recent  and  more  generally  accepted  view, 
this  order  of  events  is  reversed.  The  secreting-tissues,  from  overwork 
and  from  the  premature  exhaustion  of  their  inherited  vital  capacity,  are 
unable  to  utilise  such  nourishment  as  is  supplied  by  the  blood,  which 
in  most,  if  not  all,  cases  is  defective  or  even  deleterious  owing  to 
artei'io-sclerosis,  or  anaemia  or  some  taxic  blood-state.  The  secreting 
tissues,  constituting  the  most  highly  organised  part  of  the  kidney,  will 
have  the  greatest  difficulty  in  assimilating  nourishment  under  abnonnal 
conditions,  and,  in  any  general  interference  with  nutrition  will,  there- 
fore, be  those  most  likely  to  suffer.  Thus,  the  shrinking  of  the 
glomeruli  and  tubules  forms  the  initial  change  (Fig.  288).  The  changes 
in  the  blood-vessels  and  the  increase  in  the  interstitial  ti.ssue  follow. 
The  latter  is,  in  many  cases,  more  apparent  than  real,  being  partly  due 
to  mere  condensation  of  the  previously  existing,  but  more  widely 


DISEASES  OF  THE  KIDNEY 


501 


separated,  tissue.  To  some  exteiit  it  may  be  the  result  of  irritation, 
and  be  due  to  the  inflammatory  reaction  of  the  tissues. 

The  subsequent  contraction  of  the  new  tissue  necessarily  constricts 
many  tubules.  The  arrest  of  the  flow  of  urine,  in  those  supplied  by 
glomeruli  whose  vessels  are  still  permeable,  will  lead  to  the  formation 
of  small  retention-cysts,  such  as  have  been  previously  described. 

Sometimes,  as  stated  above,  the  arterial  changes  are  more  mai'ked 
than  the  atrophy  of  the  glomeruli  and  tubules.  In  these  cases  the 
endartei'itis,  by  diminishing  the  lumen  and  hence  the  blood-supply,  is 
possibly  responsible  for  the  production  of  the  atrophy  {arteiio- sclerotic 
kidncij).  Cohnheim  held  that  the  supply  of  blood  to  the  kidneys 
varied  with  the  amount  which  it  contains  of  those  substances  which 
the  kidneys  normally  eliminate  {e.g.,  urea).  Atrophy  of  part  of  the 
excretory  apparatus,  by  throwing  more  work  on  the  remainder,  might 
not  impi'obably  lead  to  an  increase  in  the  percentage  of  these  sub- 
stances in  the  blood.  Now,  the  only  way  in  which  the  more  fi'ee 
elimination  of  these  by  the  kidneys  can  be  brought  about  is 
by  the  increased  action  of  the  left  ventricle  and  a  simultaneous 
increase  in  the  resistance  in  the  arterioles  of  other  parts.  By  this 
means  a  larger  amount  of  blood  may  be  supplied  to  the  kidneys,  and 
their  excretory  functions  thereby  assisted.  It  is  suggested  that  this 
may  result  from  some  reflex  mechanism.  In  those  cases  in  which  the 
thickening  of  the  vessels  appears  to  follow  the  atrophy  of  the  secretory 
apparatus,  the  thickening  is  attributed  to  the  continued  action  of  the 
aetiological  factors  (p.  454)  and  to  the  increased  strain  i-esulting  from 
the  hypei-trophy  of  the  heart. 

The  enlargement  of  the  left  venti'icle  is  a  true  hypertrophy,  though 
it  is  often  combined  with  a  small  amount  of  chronic  myocarditis. 

Urinary  Calculi. 

Any  of  the  passages  or  cavities  of  the  urinary  tract  lined  with 
epithelium  may  be  the  seat  of  hard  concretions  of  mineral  matter, 
known  as  calculi.  The  two  principal  seats  of  these  bodies  are 
(l)  the  pelvis  and  calices  of  the  kidiiei/,  and  (2)  the  minariij  bladder — posi- 
tions in  which  stagnation  of  urine  is  most  liable  to  occur. 

In  size  calcuU  vary  from  mere  particles  of  grit  to  masses  more  than 
an  inch  in  diameter.  When  calculi  are  small,  they  are  frequently 
multiple  ;  when  large,  they  are  usually  single.  Small  calculi  are  often 
irregular  in  shape,  though  they  tend  to  assume  gradually  the  special 
forms  obtaining  among  the  larger  varieties.  The  shape  of  a  large 
calculus  varies  with  the  situation  in  which  it  is  formed.  Thus  a  large 
stone  in  the  pelvis  of  the  kidney  generally  possesses  irregular  pro- 
jections, corresponding  to  the  openings  of  the  calices  (coral  calculi) ; 
while  a  calculus  in  the  bladder  is  generally  round  or  oval.    On  section, 
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a  calculus  is  seen  to  be  made  u])  of  ii  central  nucleus  and  a  crust 
composed  of  a  large  number  of  thin  concentric  lamina.  The  colour, 
hardness,  surface,  and  sectional  appearance  of  a  calculus  depends 
almost  entirely  upon  its  com])osition  (Fig.  2.')1). 

The  three  most  important  grou])s  of  substances  found  in  calculi 
are  (l)  uric  acid  and  its  salts,  (2)  calcic  oxalate,  and  (.'i)  calcic  and 
ammonio-magnesic  phosphates ;  although  other  substances,  such  as 
calcic  carbonate  and  cystine,  are  occasionally  met  with. 

(l)  The  uric  acid  calculus  is  of  a  dirty  fawn  colour:  its  consistence 
is  hard,  and  its  surface  smooth  or  slightly  granular.  (2)  The  calcic 
oxalate  calculus  is  dull  greyish-brown,  intensely  hard,  and  coarsely 
granular.    (3)  A  phosphatic  calculus  is  white,  friable,  and  smooth. 


V'lG.  2<)i.  — Vesical  Calculus.  The  pale  external  zone  consiFls  of  calcic- 
phosphate.  Immediately  internal  to  this  is  an  inegular  layer  of 
calcic  oxalate.  Within  this  are  a  number  of  thin  layers  of  calcic 
oxalate  and  mixed  phosphates.  The  innermost  ring  consists  of  calcic 
oxalate  surrounding  a  nucleus  of  urate  of  ammonium.    Natural  size. 

The  three  types  are  not  infrequently  combined  in  the  same 
calculus,  gi^^ng  rise  to  laminae  with  corresponding  diflPerences  in 
appearance  and  consistency.  Thus,  a  calculus  may  contain  uric  acid 
in  the  centre  and  oxalate  of  lime  in  the  crust,  or  may  consist  of  a 
nucleus  of  oxalate  of  lime  with  laminae  of  calcic  pho.sphate  and  of 
aminonic  urate  around  it. 

In  addition  to  the  mineral  constituents,  a  urinary  calculus  contains 
a  complete  organic  framework  infiltrating  the  whole  calculus  and 
supporting  and  cementing  the  mineral  particles. 

AETIOLOGY.— Although  the  conditions  giving  rise  to  the  fonna- 
tion  of  calculi  are  but  imperfectly  understood,  it  may  be  stated  that  they 
depend  partly  upon  general  causes  and  partly  upon  local  changes. 
Heredity,  age,  climate  (cold),  and  diet  (nitrogenous),  have  each  a 
marked  influence  in  the  production  of  certain  calculi ;  while  such  local 
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changes  as  may  lead  to  damage  of  the  epithelial  lining  of  the  urinary 
passages,  and  to  stagnation  of  the  urine,  are  in  all  probability  still  more 
important  causes.  Thus  Tuffier  showed  that  dogs  fed  on  oxamide 
developed  calculi,  and  that  particles  of  oxamide  could  be  traced  in 
both  the  desquamated  and  the  still  living  epithelium  at  the  sites  of 
the  calculi.  It  seems,  therefore,  probable  that  degenerated  epithelium 
may  have  an  influence  in  producing  calculi  somewhat  analogous  to  that 
possessed  by  the  epithelium  of  the  biliary  passages  in  the  production  of 
gall-stones,  and  that  the  organic  matter  found  in  the  calculi  is  derived 
from  the  destroj^ed  epithelium.  This  is  the  more  probable  from  the 
fact  that  while  phosphatic  concretions  may  form  round  foreign  bodies 
introduced  into  the  bladder,  this  does  not  happen  until  the  irritation 
of  the  foreign  body  has  produced  a  recognisable  amount  of  inflamma- 
tion. Changes  in  the  reaction  of  the  urine  may  also  aid  in  the 
precipitation  of  mineral  matter.  Thus  uric  acid  and  its  salts  tend  to 
be  precipitated  when  the  acidity  of  the  urine  is  abnormally  increased, 
while  calcic  and  ammonio-magnesic  phosphates  are  deposited  in 
precisely  the  opposite  circumstances.  When  excess  of  carbonate  of 
lime  exists  with  oxalic  acid  in  acid  urine,  oxalate  of  lime  calculi  are 
most  likely  to  be  formed.  It  is  also  probable,  in  view  of  Tuffier's 
results,  that  the  general  causes  may  Jead  to  definite  local  changes  in 
the  renal  tissue,  dependent  on  the  nature  and  concentration  of  the 
substances  conveyed  to  the  kidneys,  and  that  the  precise  result  may 
be  modified  by  the  antecedent  and  subsequent  local  changes.  Thus, 
in  one  kidney  was  found  a  calculus  with  a  uric  acid  nucleus  and  a  crust 
of  calcic  phosphate,  while  in  the  opposite  kidney  was  a  stone  with  a 
similar  nucleus  but  with  a  calcic  oxalate  crust. 

Some  observers  have  attached  considerable  importance  to  the  role 
of  parasites  in  producing  calculi,  but  the  action  of  these  is  certainly 
not  essential  and  at  best  doubtful. 

EFFECTS. — Urinary  calculi  give  rise  to  irritation  of  the  lining 
wall  of  the  cavity  in  which  they  lie,  and  not  infrequently  obstruct  the 
outflow  of  urine. 

Renal  calculi  lead  to  atrophy  of  the  glandular  substance,  hydro- 
nephrosis, and  concomitant  fibrosis  of  the  kidney.  If  infection  with 
pyogenic  organisms  occur,  a  purulent  inflammation  of  the  pelvis 
{suppuralive  pijelUis)  sometimes  involving  the  kidney-substance  {pi/c/o- 
iiepkritis)  or  producing  a  purulent  hydronephrosis  (^pi/onephruxis). 
Inflammation  of  the  tissue  around  the  kidney  (jjerinejjhritis)  is  a  still 
less  usual  result.  The  frequent  occurrence  of  calculi  with  malignant 
disease  must  not  be  forgotten,  although  the  nature  of  the  association 
is  not  understood. 

y esical  calculi  lead  to  changes  in  the  bladder  of  a  similar  nature 
as  well  as,  in  some  cases,  to  hypertrophy  of  the  muscular  coat. 
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CHAPTER  XII. 
PATHOLOGY  OF  THE  NERVOUS  SYSTEM. 

By  FKEDK.  W.  MOTT,  M.D.,  F.R.S. 

INTRODUCTION. 

The  morbid  processes  affecting  tlie  nervous  system  are  numerous 
and  varied,  but  they  are  usually  divided  into  two  groups  :  (1)  Organic 
disease,  (2)  Functional  disturbance.  Such  a  classification  depends  upon 
whether  or  not  symptoms  observed  during  life  can  be  associated  with 
changes  of  the  nervous  system,  gross  or  microscopical,  recognisable 
after  death.  It  must  be  remarked,  however,  that  many  diseases  which 
are  now  looked  upon  as  functional  may  be  found  due  to  recognisable 
changes  when  suitable  methods  of  investigation  shall  have  been  dis- 
covered. The  paroxysmal  neuroses  and  psychoses,  e.g.,  epilepsy, 
migraine,  certain  forms  of  mania  and  melancholia,  may  be  considered 
a  priori  to  be  due  to  temporary  morbid  functional  conditions. 

MORPHOLOGY. — The  histological  elements  which  make  up 
the  nervous  system  are  derived  from  the  outer  and  middle  layers  of 
.the  blastoderm.  The  epiblast  furnishes  the  nerve-cells  and  their 
processes,  the  neuroglia,  and  the  epithelium  lining  the  ventricles  and 
the  central  canal  of  the  spinal  cord.  The  mesoblast  furnishes  the 
blood-vessels,  lymphatics,  and  membranes  of  the  brain,  and  the 
neurilemma  or  nucleated  sheath  of  Schwann.  The  origin  of  the 
mj'elin-sheath  is  not  kiaown.  The  study  of  the  development  of  the 
nervous  system,  and  observations  made  by  the  methods  of  Golgi  or  by 
modifications  of  them,  have  demonstrated  that  in  all  vertebrates  the 
true  nervous  elements  consist  of  independent  complex  cells  which  are 
generally  spoken  of  as  "  neurones."  The  morphological  characters  of  all 
neurones  at  one  period  of  development  are  fundamentally  similar — viz., 
a  cell  consisting  of  spongioplasm  and  hyaloplasm  containuig  a  nucleus 
and  nucleolus.  From  this  cell  processes  grow  out,  and  these  processes, 
which  are  probably  made  up  of  delicate  fibrilke,  are  continuous  with,  and 
of  the  same  bio-chemical  nature  as,  the  framcAvork  of  the  cell-substance. 
One  process  of  the  cell  gives  oif  collaterals  and  becomes  the  axon  of  a 
nerve  fibre ;  the  others,  termed  dcndrons,  branch  many  times  like  a  tree, 
and  terminate  in  an  apparently  inextricable  network  (Fig.  2.9iJ).  Within 
the  cell-body,  lying  in  the  S])aces  of  the  spongy  network  (spongioplasm) 
is  the  so-called  hyaloplasm.  The  staining-method  of  Nissl  shows  that 
the  spongioplasm  and  hyaloplasm  differ  in  chemical  constitution,  for  the 
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former  is  unstained  by  basic  aniline  dyes,  and  is  therefore  termed 
"  achromatic/'  whereas  the  latter  is  "  chromatic  "  and  readily  takes  the 
stain.  The  blocks  of  coloui'able  substance,  seen  in  the  large  motor  cells 
of  the  brain  and  spinal  cord,  are  termed  Nisil-bodies  (vide  Plate).  They 
consist  of  extremely  fine  particles  suspended  in  a  fluid,  and  are  said  to 
represent  a  store  of  energy  or  food.    It  will  be  observed  that  Nissl- 
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A.  Diagrammatic  representation  of  the  Dendron  and  Dendrites  of  a 

Cortical  Pyramidal  Cell,  with  the  tangential  fibres  running  at 
right  angles. 

B.  Exact  Copy  of  a  Microphotograph  of  the  Dendron  and  Dendrites  with 

tangential  fibres.  From  a  section  of  the  brain  of  a  dog  kept  four  hours 
under  chloroform.  Stained  by  Cox's  method.  All  the  processes  are 
seen  studded  with  little  buds  or  gemmules.    Contrast  this  with  A. 

bodies  in  the  form  of  spindles  exist  also  on  the  dendrons ;  in  fact  the 
axon  can  always  be  recognised  by  the  absence  of  these  chromatic 
bodies.  In  all  probability  these  Nissl-bodics  do  not  exist  in  the  living 
cell,  but  precipitation  occurs  on  the  death  of  the  nerve-cell,  as  in  the 
case  of  myosin  from  dead  muscle-plasma,  since  the  Erhlich  iiiira  vHa7n 
Methylene  Blue  method  does  not  exhibit  Nissl-bodies.  The  value  of 
the  results  obtained  by  the  Nissl  method  is,  however,  undoubted. 
For  the  study  of  pathological  alterations  it  matters  little  wliether  the 
Nissl-bodies  are  preformed  bodies  existing  inlra  ritam  or  are  the  result 
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of  precij)itati()ii,  as  long  as  it  is  known  that  a  healthy  nerve-cell  differs 
from  a  diseased  nerve-cell  by  the  a|)|)eaiances  of  tlie  stained  suljstanct 
(vide  Plate  *)• 

Tlie  metliod  of  Golgi,  or  modifications  of  it,  teaches  us  nothing  of 
the  internal  constitution  of  the  neurone,  and  is  not  likely  to  yield 
such  valuable  results  from  a  pathological  as  it  has  from  an  anatomical 
point  of  view.  The  fundamental  concej)tion  of  the  neurones  as  inde- 
pendent morphological  units,  in  contiguity  but  not  in  continuity  one 
with  another,  yet  withal  possessing  physiological  association  and  mutual 
interdependence,  is  of  the  greatest  importance  in  the  study  of  nervous 
diseases,  and  especially  as  affording  an  explanation  of  those  morbid 
conditions  which  are  termed  functional,  as  well  as  of  the  paroxj'smal 
neuroses  and  psychoses.  The  chrome  .silver  and  mercury  methods  have 
shown  that  studded  all  over  the  branches  of  the  dendrons  {dendntcs) 
are  little  buds  or  gemmules  (Figs.  292  and  293)  ;  and  that  fine  branches 
{collaterals)  are  given  off  from  the  axon.  These  facts  have  also  been 
demonstrated  invertebrates  by  the  intra  vilam  Methylene  Blue  method. 
A  neurone  in  a  series  or  system,  although  in  intimate  physiological 
relation  with  the  dendrites  of  the  next  in  the  series  {e.g.,  the  motor 
efferent  system.  Fig.  321)  is  not  in  anatomical  connection  with  them. 

The  cerebro-spinal  nem'ones  may  be  divided  into  afferent,  efferent, 
and  association  systems,  but  the  last  are  by  far  the  most  numerous, 
and  constitute  the  great  bulk  of  the  brain. 

THEORIES  OF  INTERNEURONIC  RELATION- 
SHIP.— All  the  above  systems  are  in  physiological  i-elationshij). 
The  nervous  impulses  or  molecular  vibrations  are  transmitted  towards 
the  nerve-cell  by  the  dendi'ons  and  away  from  it  by  the  axon.  In  a 
system  or  series  of  nervous  units  with  multitudinous  points  of  contact, 
it  is  conceivable  that  physiological  interneuronic  relations  may  vary 
owing  to  retraction  of  the  dendritic  processes  of  one  from  contact  with 

*  Plate. — i.  Laige  Heus  cell,  fairly  normal,  showing  the  Nissl-granules  in  the  body 
of  the  cell  and  on  the  processes.  2.  Degenerated  cell  from  anterior  horn  in  a  case  of 
general  paralysis.  3.  Ditto,  more  advanced  degeneration,  with  vacuolation.  4.  Pos- 
terior spinal  ganglion-cell,  showing  ihe  different  distribution  of  the  chroniophile 
substance.  5.  Degenerated  cell  from  experimental  cerebral  softening.  Compare  this 
with  I  and  9.  The  cell  is  swollen,  the  Nissl-granules  are  absent  and  replaced  by  a 
fine  dust  of  colourable  substance  staining  the  cell  uniformly.  6.  Posterior  spinal 
ganglion  cell,  showing  pigmentation  at  one  pole.  7.  A  pjTamidal  cell  from  the  cortex, 
acute  softening  from  ligature  of  cerebral  arteries,  showing  phagocytes  sticking  to  the 
dead  cell  and  devouring  it.  8.  Large  pyramidal  cell  of  the  corte.K  cerebri,  showing 
absence  of  the  Nissl-granules  in  the  body  and  the  processes,  uniform  staining.  From 
a  case  of  hyperpyrexia.  9.  Large  pyramidal  cell  of  the  cortex  cerebri,  showing 
little,  if  any,  change.  From  a  case  of  septicffiniia  of  considerable  duration,  but 
without  high  fever.  .Ml  the  figures  are  exact  representations  of  niicrophotographs. 
Magnification  of  i,  2,  5,  8,  9  is  700  diameters;  of  3,4,  7,  350  diameters;  of  6,  200 
diameters. 
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tions  siicli  as  catatonia,  catalepsy,  &c.,  might  be  clue  to  retnictioii  of 
the  terminal  twigs  of  t lie  sensory  neurones  on  the  surface  of  the  brain, 
so  that  contact  is  broken  and  tlie  transmission  of  nervous  currents  is 
thereby  interrupted.  The  attempt  lias  been  made  to  find  a  basis  for 
this  theory  of  retraction  of  the  terminal  buds  or  points  of  contact  of 
the  branching  processes  of  the  dendrons  by  fixing  in  various  fluids 
small  i)ieces  of  the  brain  of  animals  which  have  been  ana-sthetiscd 
with  chloroform,  morphia,  or  other  narcotics,  and  comparing  the 
appearances  presented  by  the  dendrons  with  those  seen  in  tlie  brain 
of  an  animal  killed  suddenly.  The  results  obtained  have  been  diver- 
gent. A  priori,  it  would  seem  more  probable  that  cerebral  activity  is 
associated  with  a  cutting  off"  of  the  great  majority  of  interneuronic 
connections  and  the  strengthening  of  the  cun-ent  traversing  a  few  ; 
that  during  repose  or  under  narcotics  there  is  a  general  expansion  of 
the  gemmules,  due  to  exhaustion  of  their  contractility  ;  and  that  thus, 
all  the  neurones  being  in  contact,  nervous  currents  are  so  diffused 
that  thej-  are  not  of  sufficient  intensity  to  rise  into  consciousness. 

The  other  histological  elements  derived  from  the  epiblast  are  the 
neuroglia-cells  and  fibres.  Their  function  is  to  supjiort  the  neurones. 
According  to  Weigert  the  cells  are  independent  of  the  fibres,  but  it  is 
generall)'^  believed  that  the  neuroglia-cells  have  numbers  of  branch- 
ing processes  (Fig.  293)  which  pass  in  all  directions  between  the 
processes  of  the  neurones,  and  various  theories  have  been  elaborated 
giving  to  the  neuroglia-cells  important  functions  apart  from  mere 
supporting  properties.  Some  neuroglia-cells  have  an  expansion  on 
the  minute  blood-vessels,  and  the  opinion  has  been  expressed  that 
they  are  capable  of  contracting,  and  thereby  causing  expansion  of  the 
vessel,  thus  determining  more  blood  to  nervous  structures  which  are 
in  functional  activity.  They  have  also  been  thought  to  have  the 
function  of  contracting  and  drawing  together  thereby  the  terminal 
processes  of  the  neurones. 

CAUSES  OF  DISEASE. — A  correct  understanding  of  neuro- 
pathology involves  the  study  of:  (l)  The  causes  which  give  rise  to 
nervous  diseases;  these  are  often  complex.  (2)  The  changes  in  the  struc- 
ture and  functions  of  the  nervous  system  brought  about  by  these  causes. 

The  causes  of  pathological  processes  occurring  in  the  nervous 
system  may  be  divided  into  internal  and  external,  but  it  may  be 
remarked  that  in  nearly  all  cases  except  those  due  to  direct  injury  the 
two  are  more  or  less  combined. 

Intehnal  Causes. — Of  all  the  causes  of  nervous  disease,  hcreditan/ 
predixpoxilion  stands  pre-eminently  first.  It  may  come  directly  from 
one  or  both  of  the  parents,  or  from  more  distant  ancestors.  Strictly 
speaking,  it  is  the  tendency  to  nervous  disease  and  insanity  rather  than 
the  disease  itself  that  is  inherited,  and  this  is  frequently  spoken  of  as 
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nt'uropathic  tendency."  There  are,  besides,  a  number  of  in/iciiled 
disea.sTx  which  affect  members  of  a  family  ;  the  disease  frequently  com- 
mencing in  each  individual  at  about  the  same  age.  These  are  termed 
"family diseases" — c.g.,heredilarij  ataxia  (Friedreich's  disease),  hereditan/ 
chorea,  and  various  forms  of  idiopathic  muscular  alroiihi).  Alcoholism  and 
svphilis  in  the  parents,  especially  if  one  or  both  come  from  a  neuro- 
pathic stock,  frequently  engender,  by  the  production  of  defects  in  the 
germinal  plasm,  arrest,  imperfect  development,  or  premature  decay  of 
the  neurones,  causing  idiocy,  imbecilitij,  and  dementia.  Like  all  cells, 
the  neurone  nourishes  itself,  and  is  not  nourished,  and  it  depends  for 
its  development,  life,  and  functional  activity,  upon  a  suitable  envii'on- 
nient.  It  must  also  possess  an  inherent  vital  energy,  by  which  it  can 
assimilate  and  store  up  nutrient  material,  which  may  be  regarded  as 
potential  energy,  to  be  converted  into  nerve-force  as  required.  A 
constant  constructive  and  destructive  bio-chemical  process  occurs  in 
the  nervous  elements,  and  in  a  healthy  nervous  system  the  balance  of 
potential  is  high,  and  the  sense  of  fatigue  is  the  natural  indication  for 
sleep  and  repose  by  which  nervous  energy  may  be  recuperated.  In 
the  neuropath  it  may  be  conceived  that  in  some  portions  of  the 
nervous  system,  especially  the  brain,  there  may  exist  communities, 
systems,  or  groups  of  neurones,  with  inherited  low  potential,  rapidly 
becoming  exhausted,  and  especially  liable,  therefore,  to  depression  of 
function,  e.g.,  hysterical  paralyses,  anaesthesiae,  and  melancholia  ;  or  the 
bio-chemical  substance,  which  represents  potential,  may  possess  an 
inherent  chemical  instability,  and  readily  fulminate  when  an  appropriate 
stimulus  occurs,  thus  acting  as  a  centre  of  discharge  of  nervous 
energy,  and  causing  excessive  futictional  activity,  which  may  be 
manifested  by  mental  or  bodily  symptoms,  e.g.,  mania  and  epilepsy. 
Lastly,  thei'e  may  be  functional  disturbance  of  the  harmonious 
inter-relations  of  the  nervous  elements,  with  failure  of  co-ordination, 
e.g.,  chorea. 

External  Causes,  producing  morbid  changes  in  the  nervous 
elements,  are  dependent  upon  (A)  abnormal  conditions  of  the  blood  and 
lymph,  by  which  the  neurones  are  poisoned,  and  their  metabolism 
affected  ;  (B)  excess  or  deficiency  of  normal  excitation,  or  the  existence 
of  abnonnal  excitation. 

A.  Abnormal  Conditions  of  Blood  and  Lymph. — The 
immediate  environment  of  all  the  cellular  elements  of  the  body  is 
lymph.  In  the  central  nervous  system  a  special  form  of  lymph,  the 
cerebro-spinal  fluid  is  secreted  by  the  choroid  plexuses.  The  lymjjh 
serves  as  the  medium  of  exchange  between  the  blood  and  the  tissues, 
and  the  essential  causes  of  change  in  the  environment  of  a  nerve-cell 
are  alterations  in  the  quantity  and  quality  of  the  blood-supply. 

1.  The  Quantity  of  Blood-Supply. —A  frequent  cause  of 
disease  of  the  nervous  system  is   a   failure  of   the  blood-supply 
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to  some  portion  of  the  brain  (see  Embolism  and  Tliroml)<)sis 
p. 

2.  Quality  of  Blood-Supply — Insufficiency  of  oxygen,  due  to 
ana'niia,  leads  to  functional  depression,  lassitude,  and  mental  fatigue. 
Impoverisiniient  of  the  blood  in  women,  by  frequent  jjregnancies  and 
excessive  lactation,  causes  neuralgia,  nervous  exhaustion,  and,  in  the 
iicuropaih,  hysteria,  neurasthenia,  melancholia,  and  mania.  IVobably 
there  is  an  alteration  in  the  comjiosition  of  the  blood,  in  the  nature  of 
an  auto-intoxication  or  a  "  sub-minimal  "  deficiency.  Tiie  most  striking 
examples  we  have,  however,  of  the  effect  of  absence  or  "sub-minimal  " 
deficiency  of  a  normal  constituent  of  the  blood,  upon  the  develojmient 
and  functions  of  the  nervous  system,  are  afforded  by  crelinou.s  idiolx, 
whose  brains  are  arrested  in  development  in  consequence  of  the 
absence  of  the  thyroid  gland,  and  by  the  subjects  of  myxcedcnm.  Tlie 
]n-oof  of  this  is  shown  by  the  disappearance  of  the  nervous  phenomena 
of  myxoedema  on  making  up  the  deficiency  by  administration  of  the 
gland  by  the  mouth. 

(a)  Ex  cess  oj  normal  coiisliluents  hi  the  blood. — Carbonic  acid,  and 
nitrogenous  waste-products,  may  be  given  as  examples  of  normal 
constituents  which,  if  in  excess,  give  rise  to  symptoms  of  disease. 
Again,  in  Graves'  disease,  nervous  phenomena  in  the  form  of 
exophthalmos,  i^alpitation,  fine  tremors,  and  mental  excitement  mav 
be  ascribed  to  excess  of  thyroid  secretion  escaping  into  the  blood. 

(b)  The  presence  in  the  blood  o  f  abnoiinal  constiiiients  is  the  most 
important  extrinsic  cause  of  nervous  disease,  and  we  may  consider  the 
subject  under  the  following  headings  (l)  jwisons  produced  iril/iin  the 
bodij,  bij  perverted  function  of  the  organs  or  tissues  (aulo-intoxicalion),  or  />?/ 
the  action  of  micro-organisms  upon  the  living  fluids  and  tissues  of  the  bodif  ; 
(2)  poisons  introduced  into  the  body  f  rom  without. 

(l)  Poisons  produced  nithin  the  body. — The  best  examples  of  auto- 
intoxication are  afforded  by  wwmia,  the  nervous  manifesbitions  of 
which  are  headache,  drowsiness  or  coma,  and  epilejitifoi-m  convulsions  ; 
sometimes  symptoms  of  polyneuritis  ;  excess  of  uric  acid  in  the  blood 
which  is  associated  with  high  arterial  pressure,  headache,  and  nervous 
irritability  ;  diabetes  (a  result  of  imperfect  metabolism)  may  cause 
multiple   neuritis  and  coma,  the  latter,  being  often  heralded  by 
aceton(emin,  which  may  be  regarded  as  a  form  of  auto-intoxication  ; 
chola'.mia,  resulting  from  obstructive  jaundice,  may  be  attended  by 
stupor  and  psychical  depression.   Again,  the  rapidlj-  fatal  results  attend- 
ing acute  yellow  atrophy  of  the  liver,  the  profound  changes  in  the  urine  and 
blood,  the  jaundice  accompanied  by  the  nervous  phenomena  of  delirium, 
motor  irritation,  delusions,  stupor  and  coma,  demonstrate  the  imjiortant 
|iart  the  liver  plays  in  maintaining  the  normal  quality  of  the  blood.  In 
/jernicious  anwmia,  and  in  other  grave  ansemias,  degenerative  clianges  in 
the  spinal  cord,  of  the  nature  of  a  combined  sclerosis,  are  frequently 
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touml,  and  ivve  probably  not  so  much  due  to  the  deficiency  of  i*ed  cor- 
])uscles  as  to  some  toxic  substance  arising  from  imperfect  metabolism. 

We  do  not  know  the  nature  of  the  rlieumalk  poison,  but  we  know 
that  it  is  especially  liable  to  be  followed  by,  or  associated  with,  chorea 
and  hyperpyrexia,  indicating  a  selective  action  of  the  poison  ujjon  the 
cells  of  the  cortex  cerebri. 

Exami)les  of  poisons  due  to  micro-organisms  occur  in  many 
infective  diseases,  e.g.,  typhoid  fever,  typhus,  small  po.x,  scarlet  fever, 
measles,  influenza,  pneumonia,  septicaemia,  tuberculosis.  Delirium  is 
a  frequent  complication  in  these  diseases  ;  it  may  be  the  i-esult  of  the 
high  fever,  or  of  the  poison,  or  of  the  fever  and  the  poison  combined. 
In  severe  cases,  stupor  and  coma  may  occur,  and  it  has  been  shown, 
that  in  this  extreme  stage,  the  nerve-cells  of  the  cerebral  cortex, 
and  also  of  the  spinal  cord,  undergo  an  acute  morbid  bio-chemical 
change  {lidc  Plate).  These  particular  poisons  have  not  a  selective 
action  upon  any  special  ]i&vt  of  the  nervous  system,  but  many  cases 
of  neurasthenia,  insanity,  neurosis,  and  neuritis  date  their  onset  from 
an  acute  specific  fever. 

In  cerebro-spinal  meningitis,  posterior  basic  meningitis,  tubercular 
meningitis,  acute  delirious  mania,  and  leprous  neuritis  the  inflamma- 
tion of  the  enclosing  and  supporting  tissues  is  due  to  the  growth 
therein  of  the  specific  organism,  and,  by  analogy,  we  might  suppose 
that  syphilitic  affections  of  the  nervous  system  are  due  to  some  specific 
micro-organism  attacking  its  enclosing,  supporting,  and  vascular  tissues. 

Some  poisons  have  a  .selective  infiiwiice  upon  some  part  of  the  nervous 
sijstem.  The  syphilitic  poison  is  the  most  important  factor  in  the 
production  of  two  progressive  degenerations  of  the  nervous  system, 
one  affecting  especially  the  afferent  conducting  tracts  of  the  spinal 
cord,  viz.,  locomotor  ataxy  ;  the  other  affecting  esj)ecially  the  frontal 
and  central  convolutions  of  the  cerebrjil  hemisphei'es,  viz.,  general 
])aral3'sis  of  the  insane.  A  striking  instance  of  the  selective  action  of  the 
.si/philitic  poison  is  shown  in  the  fact  that  only  in  persons  affected  with 
acquired  or  inherited  syphilis  is  the  symptom  known  as  the  Argyll- 
Robertson  pupil  found  (this  is  the  absence  of  reflex  contraction  of  the 
pupil  to  light,  while  that  to  accommodation  jjersists)  ;  seeing  that  this  is 
the  most  common  objective  phenomenon  in  the  two  diseases  mentioned, 
it  strengthens  the  presumption,  based  on  experience,  that  the  syphilitic 
])oison  is  the  cause  of  these  diseases  in  the  majority  of  instances. 
These  diseases  are  often  termed  "  ])arasyphilitic  "  (Fournier)  and  are 
degenerative  processes,  the  result  of  an  impaired  vitality  of  the 
neurones,  causing  premature  decay  and  atrojjhy.  Again,  sj^jjhilis 
when  it  attacks  the  supporting,  enclosing,  and  nutrient  vascular  meso- 
blastic  tissues  shows  a  predilection  to  affect  structures  about  the  base 
of  the  brain  ;  thus  paralysis  of  the  third  nerve  is  almost  pathogno- 
monic of  this  disease.    In  rabies,  although  the  whole  nervous  system 
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is  charged  with  tile  poison,  tlu-  medulhi  oblongata  (as  sliown  l)y  tlie 
symptoms)  is  especially  affected.  Again,  in  tclaiiii.s  the  bacilli  elaborate 
a  virulent  poison  which  affects  particular  groups  of  neurones.  The  fact 
that  '•  lock-jaw  "  nearly  always  occurs  first  shows  that  the  poison  selects 
the  motor  iiitc/cu.i  oft/icJiJ)h  nerve.  It  is  remarkable  that  experiment 
has  proved  that  the  tetanus-to.\in,  if  mixed  with  an  emulsion  of  nervous 
matter  before  injection  into  an  animal,  loses  its  toxicity,  thus  showing 
its  affinity  for  nervous  matter,  as  well  as  a  power  of  absorption  of  the 
poison  possessed  by  some  chemical  substance  in  the  nervous  matter. 
Another  example  is  offered  by  diphlhenu  ;  a  neurotoxin  is  produced  by 
the  local  action  of  the  bacilli,  the  effects  of  which  are  shown  by  paralysis 
of  the  soft  jialate,  paralysis  of  the  muscles  of  accommodation,  weak- 
ness and  inco  ordination  of  the  limbs,  which  may  amount  to  paralysis, 
absence  of  knee-jerks,  and  often  skin-anaesthesia,  and  the  disease 
occasionally  terminates  fatally  from  cardiac  or  respiratory  paralysis. 

(2)  Poisons  introduced  into  the  body. — The  most  wide-spread  and 
potent  cause  of  nervous  and  mental  disease  is  the  abuse  of  alcolioliv 
.<ilimnlants.    To  people  with  unstable  nervous  systems  a  small  quantity 
of  alcohol  acts  as  a  poison.    It  may  produce  acute  delirium  with  fine 
tremor,  and  generally  visual  hallucinations  of  a  horrible  nature,  indicat- 
ing acute  toxic  influence  on  the  brain.    This  acute  form  of  alcoholic 
poisoning  is  much  commoner  in  men  thaii  in  women,  and  it  is  remark- 
able how  a  severe  illness,  such  as  pneumonia,  will  bring  out  delirium 
tremens  in  a  drunkard.    Alcohol  acts  especially  upon  the  higher 
centres  of  the  brain,  and  a  dinnken  man  may  exhibit "  the  abstract  and 
brief  chronicle  of  insanity,  going  through  its  successive  phases  in  a 
short  period  of  time  "  (Maudsley).    The  functions  of  the  brain  are 
stripped  off  successively  in  an  inverse  order  to  their  development,  viz., 
moi'al  control  and  responsibility,  judgment  and  deliberation,  attention 
and  concentration,  memory  and  receptivity.    The  effect  on  the  nervous 
system  of  chronic  tippling  is  dementia,  a  verj'  characteristic  manifesta- 
tion of  the  mental  degradation  being  absence  of  knowledge  of  time  and 
place,  personal  illusions,  and  loss  ofviemori/  of  recent  events,  indicating  a 
failure  of  receptivity  and  of  the  formation  of  memoiy-pictures  in  the 
higher  centres.    The  improvement  which  generally  occurs  when  total 
abstinence  is  enforced  shows  that  the  poison  has  damaged,  but  not 
destroyed,  the  nervous  elements.   Besides  mental  symptoms  of  alcohol- 
poisoning  there  are  frequently  sensory  disturbances  and  motor  paralj'sis 
due  to  polyneuritis  affecting  especially  the  lower  limbs,  although  the 
upper  limbs  and  even  the  respiratory  muscles  may  be  affected  in  severe 
cases. 

Lead  is  peculiar  in  selecting  the  nerve  which  supplies  the  extensor 
muscles  of  the  wrist  and  fingers,  so  that  dropped  wrist  is  almost 
characteristic  of  this  form  of  toxic  neuritis.  Lead  also  produces  a 
chronic  inflammation  of  the  cerebral  cortex  {encephaUtii-  .mtumina), 
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which  gives  rise  to  a  complex  of  symptoms^  viz.,  dementia,  loss  of 
memory,  weakened  intellect,  paresis  and  epileptiform  seizures,  hallu- 
cinations of  sight  and  hearing,  and  mental  exaltation  or  depression. 
Arsenic  has  a  special  selective  influence  upon  the  peripheral  nerves, 
causing  polyneuritis.  Generally  all  four  limbs  are  affected.  Sometimes 
psychical  troubles  and  in  rare  cases  epilepsy  occur.  Workmen  at 
indiarubber  factories,  owing  to  the  inhalation  of  the  fumes  of  bi- 
sulphide of  carbon,  may  suflfer  with  severe  mental  symptoms  and 
polyneuritis.  There  are  a  certain  number  of  poisons  besides  alcohol 
which  act  on  the  nervous  system  when  continually  entering  the  body 
as  the  result  of  a  habit,  viz.,  absinthe,  ether,  cocaine,  opium,  morphia, 
haschish,  and  tobacco. 

It  is  of  intei'est  to  note  that  absinthe  produces  epileptic  fits  when 
taken  for  some  time,  and  if  intravenously  injected  into  an  animal  pro- 
duces epilepsy. 

Beri-beri  or  kaMc,  a  polyneuritis  endemic  in  the  East,  is  by  some 
authorities  believed  to  be  due  to  a  micro-organism,  and  Afiican 
leihargj/  or  sleeping  sichiess,  a  chronic  meningo-encephalo-myelitis,  is 
probably  due  to  some  toxin  in  the  blood  or  lymph  (p.  245). 

Pellagra  is  an  affection  of  the  skin  associated  with  degenerative 
changes  in  the  brain  and  spinal  cord.  The  people  so  affected  exhibit 
a  fatuous  melancholy  and  suicidal  impulses,  sometimes  mania.  It  is 
supposed  that  this  disease  is  due  to  bad  maize  upon  which  the  people 
at  times  have  to  subsist. 

Ergotism  is  a  disease  due  to  consunaption  of  bread  made  of  rye 
which  has  been  attacked  by  the  ergot  fungus.  The  poison  thus  intro- 
duced 2^roduces  progressive  degenerative  changes  in  the  brain  and 
spinal  cord. 

Botulism,  due  to  eating  decayed  meat  and  fish  infected  with 
Bacillus  botulinus,  is  a  complex  of  symptoms,  in  which  paralysis  of 
the  ocular  muscles  is  an  important  feature. 

B. — Deficiency  or  Excess  of  normal  Stimulation  or  Exist- 
ence of  abnormal  Stimulation. — Structure  and  function  are 
mutually  reciprocal  and  inter-dependent.  A  structure  which  is  not 
used  will  gradually  lose  its  function,  while  its  nutrition  will  also 
suffer,  and  in  time  atrophy  may  occur.  Amputation  of  a  limb  in  early 
life  causes  atrophy  of  the  nervous  structures  which  presided  over  the 
sensation  and  movement  of  the  part.  This  is  seen  both  in  the  grey 
and  the  white  matter  of  the  spinal  cord  of  the  same  side.  A  function 
not  used  will  gradually  disappear,  and  become  more  and  more  difficult 
to  evoke.  This  fact  is  of  importance  in  functional  neuroses  and 
psychoses,  e.g.,  hysterical  paralysis  and  melancholia,  because  the 
longer  mental  or  bodily  function  is  left  in  abeyance  the  more  likely 
is  the  defect  to  become  permanent.  The  converse  is  also  true — 
the  longer  a  perverted  function  exists,  the  more  unlikely  is  it  to 
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disappear.  Thus  auditory  haiiucinatious,  a  very  important  and  frequent 
symptom  in  the  insane,  conniience  with  indistinct  noises ;  these  are 
followed  by  voices  ;  and  eventually  the  voices  are  so  distinct  and  real 
that  the  greater  part  of  the  patient's  psychical  existence  is  concen- 
trated upon,  and  determined  by,  this  ai)normal  stimulus  from  within. 
Thus  is  shown  the  i)rogressive  strengthening  and  Jixalion  of  llie  per- 
verted functions  of  the  mind,  and  progressive  weakening  and  dmolutioii 
of  the  normal  fimclioiis. 

Ahnormal  stimulation  from  willionl.  (^l)  Psi/chical  stimuli. — Mental  j)ain 
in  the  form  of  grief,  worry,  anxiety,  fright  and  shock,  violent  emotions 
(pleasurable  or  painful),  disappointed  love,  sexual  excesses  or  perversions, 
and  excessive  brain-woi-k  frequently  precede  and  determine,  in  persons 
with  the  insane  or  neuropathic  taint,  various  forms  (a)  of  psychoses, 
''.g.,  mania,  melancholia,  delusional  insanity,  (6)  of  neuroses,  e.g.,  cliorea, 
hysteria,  epilepsy,  hystero-epilepsy,  (c)  of  organic  brain  disease,  e.g., 
apoplexy,  thrombosis,  and  general  paralysis.  The  effect  of  stress  in 
determining  neuritis  and  degenerative  processes  in  the  central  ner^'ous 
system  can  often  be  observed  in  practice.  The  most  striking  examples 
of  psycho-motor  fanclional  paralyses  from  stress  are  afforded  by  writer's, 
pianoforte  plaj'er's,  violinist's,  and  typewriter's  cramp,  and  hammer- 
man's palsy. 

(2)  Physical  stimuli. — Visceral  reflex  irritation  may  act  as  an  exciting 
c^use  of  neuroses  and  psychoses  :  thus,  intestinal  wonns,  teething, 
and  indigestible  food,  severally  or  combined,  often  produce  in  infants 
and  rickety  children  convulsions,  spasm  of  the  glottis,  and  tetany. 
Various  functional  and  organic  diseases  of  the  female  reproduc- 
tive organs  act  as  exciting  causes  in  the  production  of  hysteria, 
hystero-epilepsy,  melancholia,  and  mania;  moreover  paroxysmal  attacks 
in  these  diseases  are  more  liable  to  occur  at  the  menstrual  period  or 
the  menopause.  The  irritation  of  a  carious  tooth  may  produce 
trigeminal  neuralgia.  Wax  in  the  ear  may  occasion  vertigo  and 
tinnitus  aurium,  and  errors  of  refraction  may  be  the  cause  of  attacks 
of  migraine,  and  even  tend  to  excite  epileptic  fits  in  a  person  suff'ering 
from  epilepsy.  Numerous  other  examples  of  peripheral  disturbance 
could  be  mentioned  as  exciting  causes  of  nervous  aff'ections,  e.g.,  irrit;i- 
tion  of  the  terminals  of  the  vagus  in  almost  any  part  of  its  widespread 
visceral  distribution  may  lead  to  reflex  vomiting.  The  characteristic 
pain  of  angina  pectoris  which  radiates  down  the  iimer  side  of  the 
left  arm,  is  explained  by  the  fact  that  the  cardiac  branches  of  the 
sympathetic  arise  from  the  same  segments  of  the  spinal  cord  as  tiie 
sensory  branches  of  the  ulnar  nerve ;  consequently  the  pain  is  referred 
to  the  corresponding  skin-area  supplied  by  this  nerve.  This  is  one 
example  of  a  great  number  of  referred  pains. 
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DEGENERATION  AND  REGENERATION. 

There  is  no  evidence  to  show  that  neurones  once  destroyed  in 
an  adult  animal  can  ever  be  replaced  ;  whatever  return  of  function 
may  occur  is  due  to  the  fact  that  other  associated  neurones  carry 
on  the  function.  Waller  showed  that  when  a  nerve  is  cut  off  from 
its  trophic  and  genetic  centre  (cell  of  origin)  degeneration  of  the 
whole  of  the  portion  so  separated  takes  place.  This  process  of 
degeneration  neither  creeps  up  nor  down,  but  the  morphological 
changes  are  simultaneous  throughout  the  whole  peripheral  portion 
of  the  cut  nerve.  Whereas  there  is  conclusive  proof  that  regenera- 
tion of  peripheral  nerves  takes  place,  there  is  no  evidence  to  show- 
that  fibres  in  the  central  nervous  system,  when  they  are  separated 
from  their  trophic  and  genetic  centres,  undergo  regeneration.  When 
a  peripheral  nerve  is  cut  across,  or  even  an  inch  or  two  is  cut  out, 
regeneration  will  in  time  take  place.  The  process  of  regeneration 
will  be  greatly  hastened  if  the  divided  ends  of  the  nerve  are  sutured ; 
or  if  a  piece  has  been  excised  regeneration  can  be  hastened  by  intro- 
ducing a  piece  of  nerve,  or  a  piece  of  catgut  or  a  decalcified  chicken 
bone  between  the  cut  ends  to  conduct  the  outgrowing  axons  from  the 
proximal  portion  of  the  nerve.  The  rapid  return  of  sensibility  which 
sometimes  takes  place  after  a  nerve  has  been  cut  and  sutured  has  J^d 
some  authorities  to  believe  in  union  by  first  intention.  This,  however, 
is  not  so.  It  is  due  to  the  overlapping  of  sensory  nerves  in  the  skin 
and  the  opening  up  of  new  and  previously  unused  paths  when  the 
main  road  is  blocked. 

Hisiologij  of'  degenemtion. — When  a  nerve  is  cut  across  Walleriai' 
degeneration  occurs.  This  process  affects  the  peripheral  portion  of  th< 
cut  nerve.  It  was  previously  taught  that  no  changes  occurred  in  the 
central  portion  of  the  neurone,  but  the  researches  of  Nissl,  Marinesco 
and  others  pi'ove  that  bio-chemical  changes  occur  in  the  trophic  and 
genetic  cells  of  origin.  We  have,  therefore,  to  consider  the  changes  in 
the  peripheral  portion  of  the  cut  nerve,  the  changes  in  the  nerve  cell,, 
and  the  process  of  regeneration. 

After  cutting  a  nerve  the  following  changes  can  be  observed  in 
preparations  of  the  peripheral  portion  stained  with  osmic  acid. 
Within  twenty-four  hours  the  myelin  commences  to  lose  its  straight 
regular  outline  and  to  exhibit  an  irregular  appearance.  The  next  day 
changes  can  be  recognised  in  the  axis-cylinder-process  ;  it  is  swollen  in 
some  places,  thin  in  others,  while  the  myelin  commences  to  fragment, 
and  a  little  later  the  axis-cylinder  ruptures.  On  the  third  day  the 
nuclei  of  the  primitive  sheath  show  signs  of  mitosis,  the  prelude  to 
nuclear  and  cellular  proliferation.  On  the  fourth  or  fifth  day 
there  are  evidences  of  proliferation  of  the  nuclei  and  surrounding 


516 


I'A'I'HOLOGY  OF  THE  NRRVOIJS  SYSTEM 


protopliism,  and  these  nuclei  witli  surrounding  protoplasm  breakiiifr 
through  the  sheath  of  Schwann  cause  a  further  fragmentation  of  the 
myelin,  which  coTitinucs  until  the  tenth  day  (Fig.  l^Jjl').    The  aj)j)ear- 

ance  of  the  degenerated  fibres  on  the 
eighth  to  the  tenth  day  is  characterised 
by  swellings  alternating  with  constric- 
tions. The  swellings  are  due  to  accumu- 
lations in  corresponding  parts  of  the 
nerve-tubules  of  degenerated  myelin- 
globulesj  proliferated  nuclei  and  proto- 
plasm. On  the  fifteenth  day  the  fibres 
in  the  greater  part  of  their  course  consist 
merely  of  tubes  containing  protoplasm 
and  proliferated  nuclei,  and  little  or  no 
myelin ;  but  here  and  there  alternating 
with  the  constricted  jjortions  are  fusiform 
swellings  caused  by  distension  of  the 
sheath  of  Schwann  with  drops  of  lique- 
fied myelin,  nuclei  and  often  curled  uj) 
poi-tions  of  the  axis-cylinder.  The  de- 
generated myelin  is  absorbed  by  leuco- 
cytes and  fatty  granule-cells  are  thus 
formed.  The  nerve  consists  eventually 
of  fibrous  connective-tissue  and  shrunken 
tubes  containing  proliferated  nuclei  and 
protoplasm.  The  latter  becomes  fibril- 
lated  and  thus  prepares  the  way  for  the 
new  axis-cylinder-processes  which  will 
grow  down  from  the  central  stump.  This 
process  commences  about  the  fourth  or 
fifth  week  by  a  sprouting  of  the  axis- 
cylinder-process  ;  this  divides  into  several 
separate  fibres  which  insert  themselves 
after  Section.  Stained  with  osniic  into  and  betAveen  the  old  primitive 
acid.  One  fibre  shows  the  masses  gheaths.  Growth  of  the  axis-cylinder 
or  degenerated  mvehn,  the  other     ,  i      .       /■  i  '  , 

is  healthy,  x  200.'  always  begms  from  a  node  next  above 

or  close  to  the  section.  The  number 
of  new  axis-cylinder-processes  is  in  excess  of  the  nerve-fibres  destroj'ed, 
consequently  it  may  be  presumed  that  many  atrophy  and  disappear 
(Fig.  295).  At  first  the  new  fibres  are  non-medullated,  but  later 
they  acquire  a  medullated  sheath  and  nodes  of  Ranvier,  which  are 
at  first  placed  at  short  intervals,  as  in  young  nerves.  In  the 
scar,  primitive  sheaths  are  at  first  wanting,  but  they  ultimately  form 
from  the  surrounding  connective-tissue.  It  may  take  months  or  a 
year  or  more  before  function  is  restored.    The  time  varies  with  the 


Fig.  294.  — Fibres  from  the  Peri- 
pheral End  of  a  Nerve  Ten  Days 
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length  of  nerve  beyond  division,  and  with  the  distance  between 
the  cut  ends.  Sensation  returns  before  movement.  It  is  not 
generally  admitted  that  regeneration  can  occur  from  the  periphery, 
although  there  is  some  evidence  forthcoming  to  that  effect.  It  has 
long  been  known  that  the  myelin  and  axis-cylinder  undergo  degenerative 
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Fig.  295. — Diagram  modified  jrom  Hcnmll  and  Huher  showing  Stages 
in  Regeneration  of  a  Peripheral  Nerve.  i.  Central  end  of  nerve 
21  days  after  section  ;  2.  Peripheral  end  of  nerve  21  days  after 
section  ;  3.  Central  end  of  nerve  100  days  after  section  showing 
sprouting  axis  cylinder  with  three  branches  ;  4  and  5.  Peripheral  end 
of  nerve  100  days  after  section,  a,  axis-cylinder  ;  b,  myelin  ;  c,  nuclei. 

changes  in  the  central  portion  of  the  cut  nerve,  as  far  as  the  node  of 
Ranvier  above.  It  has  now,  however,  further  been  shown,  that  if  a 
nerve,  e.g.,  the  hypoglossal,  be  cut  on  one  side  and  sections  of  the 
medulla  be  stained  by  Nissl's  method,  microscojjical  examination  of 
the  cells  of  origin  forming  the  nucleus  of  that  side  presents  a  marked 
contrast  in  shape  and  mode  of  staining  as  compared  with  the  other, 
indicating  a  reaction  of  mjnrjj  in  the  trophic  and  genetic  centre.  A 
short  time  after  the  section  of  the  nerve  the  cell-bodies  and  nuclei  of 
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the  group  of  neurones  concerned  appear  somewhat  swollen,  and  there 
are  marked  ciianges  in  the  appearance  of  tlie  i)rotoplasni.  Tlie 
chromophilic  elements  are  no  longer  distinct,  but  are  replaced  by  a 
dust  of  fine  coloured  granules,  and  there  is  a  diffuse  staining  of  the 
achromatic  substance.  About  the  time  when  the  axis-cylinder  begins 
to  grow  out,  the  normal  chromo])hilic  character  of  the  cell  begins  to 
return,  and  eventually,  when  function  has  been  restored,  the  majority 
of  the  cells  jircsent  a  normal  apj)earance. 

Diseases  of  Nerves. — It  is  convenient  here  to  consider  the 
subject  of  neuritis  ;  for  it  must  be  remembered  that  parencliymaious 
neuritis  really  is  a  degenerative  change  of  spinal,  motor,  and  sensory 
neurones,  although  the  effects  of  the  toxic  agents  in  the  blood  are 
only  visible  in  the  remoter  portions  of  the  neurones.  "  Stocking 
anaesthesia"  of  the  legs  and  "glove  anaesthesia  "  of  the  arms,  charac- 
teristic of  polyneuritis,  indicate  that  the  sensoiy  distui-bance  does  not  . 
correspond  to  spinal  segmentation,  but  is  dependent  upon  distance 
from  the  trophic  and  genetic  centres,  and  possibly  also,  upon  distance 
fi'om  the  heai-t,  and  consequently  impaired  circulation.  In  four  fatal 
cases  of  alcoholic  polyneuritis,  which  the  writer  has  examined,  he  has 
found  marked  changes  in  the  cells  of  the  anterior  horns  and  the 
posterior  spinal  ganglia. 

Parenchymatous  neuritis  is  toxic  in  origin  and  usually  s)'mmetrical, 
and  affects  a  number  of  nerves  (^poli/7ieuritis) ;  it  may  be  associated 
wit^  some  interstitial  change,  but  generallj^  this  is  secondary  to  the 
degenerative  process. 

The  changes  in  the  nerves  are  those  of  primary  \\'allerian 
degeneration,  viz.,  breaking  up  of  the  myelin,  proliferation  of  the 
nuclei  of  the  sheath  of  Schwann,  swelling  of  the  axis-cj'linder  in  some 
places,  attenuation  in  others,  and  finally  its  rupture  and  destruction. 
The  process  commences  at  the  periphery,  and  spreads  centrewards. 
If  the  poison  is  eliminated  before  destructive  changes  have  occurred 
in  the  cells  of  origin,  it  is  possible  for  regeneration  to  occur,  but  often 
the  paralysis  is  permanent.  The  difference  in  the  micrcscojjical 
appearances  between  parenchymatous  neuritis  and  degeneration  from 
section  of  a  nerve  is  that  in  the  former  the  fibres  are  much  more 
unequally  affected,  some  exhibiting  comparatively  little  change,  while 
others  show  advanced  degeneration  (Fig.  29(i). 

Interslitinl  neuritis  is  an  inflammation  affecting  the  vascular,  inter- 
stitial and  supporting  connective-tissue,  sometimes  causing  jjermanent 
sometimes  temporary  loss  of  function  according  to  whether  the 
inflammation  is  productive  of  degenerative  changes  in  the  nerve 
fibres  or  not.  It  may  occur  as  a  result  of  injury  or  cold,  esjiecially 
in  a  rheumatic  or  gouty  subject,  sciatica  and  Bell's  paralysis  affording 
examples  of  this  affection.  In  anaesthetic  leprosy  and  syphilis  the 
interstitial  vascular  connective  tissue  is- the  seat  of  a  specific  inflam- 
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matory  process ;  the  former  disease  is  known  to  be  due  to  a  specific 
bacillus. 

Degeneration  of  the   Central    Nervous   System. —  The 

methods  employed  for  studying  Wallerian  degeneration  of  the  central 
nervous  system,  taking,  for  example,  the  spinal  cord,  where  the 
afferent  and  efferent  tracts  are  clearly  defined,  are  as  follows :  If 
posterior  spinal  roots  be  cut,  or  there  be  a  transverse  lesion  of  the 
spinal  cord,  it  is  possible,  if  the  patient  survive  for  ten  days  to 


Fig.  296. — Section  of  A  nlerior  Tibial  Nerve.  Showing  parenchymatous 
degeneration  in  a  case  of  beri-berl  of  eight  weeks'  standing. 

recognise  naked-eye  changes  in  definite  tracts  of  the  spinal  cord, 
provided  the  spinal  cord  be  suspended  in  Miiller's  fluid  for  a  month 
or  so  (Fig.  297).  The  cord  thus  hardened  is  cut  transversely  and  the 
degenerated  tracts  are  recognised  by  their  lighter  yellow  colour,  as  com- 
pared with  the  healthy  white  matter  which  is  now  stained  a  brownish 
yellow.  For  microscopical  examination  of  such  an  early  degeneration, 
there  is  no  method  to  compare  with  that  of  Marchi.  It  consists  in 
])lacing  thin  transverse  slices  of  the  central  nervous  system  thus 
hardened  in  a  solution  of  one  part  of  a  one  per  cent,  solution  of  osmic 
acid  and  two  parts  of  Miiller's  fluid  for  one  to  thi'ee  weeks,  then  wash- 
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iiig  tor  several  days  in  riiiiniiig  water  and  cutting  by  the  celloidin 
metliod.  Sections  should  be  cut  longitudinally  and  transversely.  Tlie 
early  changes  in  the  axis-cylinder  and  myelin  sheath  are  beautifully 
shown,  and  even  single  degenerated  fibres  can  be  followed  the  whole 
length  of  the  sjjinal  cord.  The  healthy  fibres  arc  stained  a  light 
greenish  grey,  but  both  the  axis-cylinder  j)rocess  and  the  breaking-u]) 
myelin  are  stained  black,  owing  to  fatty  degeneration.  This  method 
is  most  suitable  for  cnrb/  degenerations  one  week  to  one  month  after 


Fig.  297. — Section  of  Lumbar  Enlargement  of  Spinal  Cord  of  Monkev. 
Showing  degeneration  in  the  posterior  column  on  one  side,  the 
result  of  section  of  the  first  sacral  posterior  root.  It  will  be 
observed  that  all  the  short  spinal  root  fibres  sliow  no  degeneration, 
these  having  already  formed  their  end  station  at  a  lower  level.  The 
black  tract  near  the  middle  line  consists  of  two  sets  medium  length, 
which  end  about  Clarke's  column,  conducting  cerebellar  impulses 
and  long  fibres  which  pass  all  the  way  up  the  cord  in  GoU's  column 
to  end  in  the  funiculus  gracilis.  Observe  that  the  degeneration  is 
strictly  limited  to  the  posterior  column  of  the  same  side. 

the  lesion.  For  later  degenerations,  the  Weigert  or  Weigei"t-Pal 
methods  are  most  suitable.  When  sclerosis  has  taken  place,  it  is 
better  to  adopt  one  of  the  latter  methods ;  the  healthy  white  matter  is 
then  stained  blue, and  thexfilerosed  tissue  is  yellow  or  unstained, according 
to  the  method  adopted.  Wallerian  degeneration  of  the  nerve-fibres 
of  the  central  nervous  system  must  occur  in  all  organic  lesions,  and 
its  extent  and  distribution  will  depend  entirely  upon  the  ganglion- 
cells  destroyed,  or  upon  the  fibres  which  have  been  interrupted  in 
their  continuity  with  the  cells  of  which  they  are  outgrowths. 

The  microscopical  changes  in  the  fibi'es,  as  a  result  of  degeneration, 
are  a  breaking-up  of  the  myelin  sheath  (there  is  no  neurilemma),  an 
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alteration  in  its  chemical  composition,  and  swelling  of  the  axis- 
cylinder-process  owing  to  a  fatty  degeneration  ;  the  clear  distinction 
between  the  central  axis-cylinder  and  surrounding  myelin  thus  being 
lost.  Later,  as  the  altered  myelin  is  carried  away  by  phagocytes, 
spaces  may  be  seen  with  the  swollen  axis-cylinder  in  the  middle  ;  or 
empty  spaces  in  the  neuroglia  tissue  occur  owing  to  rupture  and 
absorption  of  the  degenerated  axis-cylinder  processes  (Figs.  298  and 
29.9).  As  the  atrophy  of  the  nervous  structures  proceeds,  there  is  a 
hyperplasia  of  the  neuroglia,  and  proliferation  of  the  glia-cells. 
The  process  during  the  early  stages  has  been  one  of  softening  ;  it  is 
now  a  true  sclerosis  with  shrinking,  but  there  is  no  tendency  (in 
uncomjjlicated  primarij  or  secondary  systemic  degeneration)  for  the 
sclerosis  to  extend  its  limits,  and  it  may  even  be  limited  to  a  micro- 
scopic ti'ansverse  area.  The  connective-tissue  overgrowth  shuts  off 
its  own  nutrition  by  changes  in  the  walls  of  its  nutrient  vessels. 
Eventually  a  cicatricial  tissue  may  be  formed  ;  and  the  jiresence  of  this 
impenetrable  tissue  may  be  the  reason  why  in  the  higher  animals  there 
exists  no  definite  proof  that  regeneration  of  nerve-fibres  can  take  place 
in  the  central  nervous  system. 

The  Chemistry  of  Degeneration. — The  nervous  system  is 
composed  chemically  of  very  complex  bodies,  e.g.,  proteids,  nucleo- 
proteids,  neurokeratin,  and  protagon  or  lecithin,  which  forms  the  principal 
constituent  of  the  myelin-sheath.  This  is  a  complex  phosphoretted  fat 
which  stains  black  with  osmic  acid  like  all  other  forms  of  fat ;  but  the 
mj-elin-sheath  differs  from  tissues  containing  ordinary  fat,  such  as  olein, 
palmitin,  stearin,  by  the  fact  that  when  white  nervous  matter  is  placed 
for  some  time  in  Miiller's  fluid,  the  constituent  myelin  no  longer  stains 
black  with  osmic  acid,  but  an  ashy  grey.  This  difference  in  chemical 
reaction  is  the  basis  of  the  Marchi  method.  It  is  probable  that  the 
chemical  decomposition  which  occurs  when  myelin  undergoes  degen- 
eration is  a  breaking-up  of  the  complex  molecule  of  protagon  (lecithin) 
thus  : 

q^HgoNPOg  +  3H.,0  =  ^~C,,H,f,,  +  CgHgPOe  +  qH^^NO., 

(lecithin)  (water)      stearic  acid)    (glycero-phos-  (cholin) 

phoric  acid) 

For  if  a  spinal  cord  which  shows  well-marked  degeneration  on  one  side 
be  divided  longitudinally  into  two  halves,  and  each  half  dried,  weighed, 
and  the  fat  of  each  separately  extracted  with  ether,  it  will  be  found 
that  while  on  the  degenerated  side  there  is  an  increase  of  ether-extract 
(fat)  as  compared  with  the  healthy  side,  there  is  less  phosphorus,  the 
presumption  being  that  the  above  decomposition  has  taken  jilace. 
Examination  of  the  sections  stained  by  the  Marchi  method  shows  that 
not  only  does  the  myelin-sheath  stain  black,  but  the  axis-cylinder- 
process  as  well ;  the  proteid  matter  has  therefore  undergone  fatty 
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Fig.  298. — Degeneration  of  crossed  Pyramidal  Tract  at  the  lot/i  Dorsal 
Segment,  Forty  Days  after  Hemisection  of  the  Spinal  Cord  in  the 
Mid-dorsal  Region.  The  drawing  was  made  from  a  photo-micro- 
graph of  a  section  of  the  posterior  part  of  the  lateral  column,  stained 
by  the  Pal  method.  The  condition  is  one  of  commencing  sclerosis. 
The  black  dots  are  the  swollen  axis-cj'linder  processes,  mingled  with 
tlie  degenerated  myelin  ;  here  and  there  are  parts  unstained,  showing 
that  the  nerve  fibres  have  disappeared  and  neuroglia  alone  is  left.  A 
few  empt)'  spaces  are  seen  scattered  about,  showing  the  previous 
existence  of  nerve  fibres  at  these  points.  A  large  number  of  healthy 
fibres  are  seen  mingled  with  the  degenerated  fibres ;  these  are  the 
fibres  of  the  direct  cerebellar  tract  on  their  way  to  the  periphery  of 
the  cord.    (Mott,  Phil.  Trans.  1892.) 


Fig.  299.  —  Degeneration  of  Crossed  Pyramidal  Tract  at  the  Sth  Dorsal 
Segment,  Seventy  Days  after  Hemisection  of  the  Spinal  Cord  in  the 
Mid-dorsal  Region.  Prepared  and  drawn  in  the  sanie  way  as 
Fig.  298.  Much  more  sclerosis  and  atrophy  are  seen.  Thedegener- 
ated  nerves  have  for  the  most  part  disappeared,  empty  spaces  in  the 
neuroglia  being  left  ;  some  few  black  dots  are  shown — indications 
remaining  of  degenerated  nerve  fibres.  .-\t  the  periphery  the 
healthy  fibres  of  the  direct  cerebellar  tract  are  seen.  (.Vlott,  P/iil. 
Trans.  1892.) 
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de<i;eneration  ;  moreover,  chemical  analysis  shows  that  this  is  so,  for 
the  degenerated  half  of  the  cord  yields  less  proteid  residue  than  the 
healthy  half.  It  has  been  shown  (Halliburton  and  Mott)  that  cholin 
exists  in  the  cerebro-spinal  fluid  of  patients  suffering  with  extensive 
degeneration  of  the  nervous  system,  e.g.,  general  paralysis,  and  that  it 
does  not  exist  in  the  noiunal  fluid.  The  existence  of  cholin  in  the 
cerebro-spinal  fluid  of  general  paralytics  renders  it  probable  that  auto- 
intoxication may  occur  in  extensive  degenerative  processes  of  the 
nervous  system.  The  action  of  cholin  is  to  produce  a  fall  in  the  blood- 
pressure,  partly  by  its  effect  on  the  heart,  but  mainly  by  dilating  the 
splanchnic  arteries,  owing  to  a  toxic  influence  on  the  perijiheral  neuro- 
muscular mechanism.  Neurin,  a  product  of  the  decomposition  of 
cholin  by  micro-organisms  is  a  very  powerful  poison  ;  it  produces  a 
preliminary  fall,  and  then  a  rise,  of  blood-pressure  with  respiratory 
convulsions.  These  two  bodies  belong  to  the  same  group,  chemically, 
as  mmcarin. 

Effects  of  Degeneration  upon  Function. — The  most  important 
])henoma  resulting  from  morbid  changes  affecting  the  nervous  system 
are  related  to  disturbances  of  the  sensori-motor  mechanism. 

Parali/sis. — There  are  two  types  of  paralysis,  according  to  whether 
a  lesion  affects  the  upper  corlico-spitial  motor  neurone,  or  the  lower  .spino- 
muscular  neurone.  Paralysia  of  the  cortico-spinal  type  is  met  with  in 
brain-disease  2Droducing  hemiplegia ;  it  also  occurs  in  both  lower* 
limbs  after  a  transverse  lesion  of  the  cord,  as  in  caries  of  the  spine, 
tumours,  focal  myelitis  ;  also  in  primary  lateral  sclerosis.  If  a  transverse 
lesion  exists  in  the  cervical  region,  the  arms  are  also  affected.  The 
characteristics  of  this  form  of  jmralysis  are  complete  or  partial  loss  of 
volitional  power,  with  stiffness  and  rigidity  of  the  limbs.  The  muscles 
are  not  wasted  except  from  disuse,  the  deep  reflexes  are  exaggerated, 
and  there  is  no  alteration  in  the  electrical  reaction  of  the  muscle. 
Paralijsis  of  the  spino-muscuiar  type :  this  is  due  to  the  morbid  process 
affecting  tlie  motor  neurones  in  the  anterior  horn,  or  their  homologues 
(the  nuclei  of  the  motor  cranial  nerves)  in  the  medulla  and  pons,  or  the 
nerve  trunks  containing  the  axons  of  these  neurones.  It  occurs  in 
infantile  paralysis,  acute  and  chronic  poliomyelitis,  myelitis,  progressive 
muscular  atrophy,  bulbar  paralysis,  syringo-myelia,  tumours  and 
hsemorrhages  within  the  cord,  medulla  and  pons,  and  softening  of  the 
cord  from  embolism  and  thrombosis.  The  characteristics  of  this  form  of 
paralysis  are  that  the  muscles  affected  are  completely  paralysed,  and  that 
if  they  recover,  tliey  do  so  imperfectly  and  slowly.  Although  all  the 
muscles  of  a  limb  may  be  paralysed,  as  a  rule  certain  groups  suffer  par- 
ticularly. The  limb  is  not  rigid,  the  muscles  being  relaxed  and  flabby 
and  the  articular  surfaces  of  the  joints  no  longer  held  in  close  approxi- 
mation. The  deep  reflexes  are  lost  completely.  The  muscles  rapidly 
atrophy  and  upon  electrical  examination  tliere  is  an  early  appearance 
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of  the  reaction  of  defeneration.  Sensory  disturbances  do  not 
necessarily  accompany  this  form  of  j)aralysis.  Vasomotor  disturbances 
are  manifested  by  coldness  and  blueness  of  the  limb. 

Each  segment  of  tlie  cord  presides  over  definite  groups  of  muscles 
and  in  progressive  muscular  atrophy  wefind  several  different  types  of  the 
disease  according  to  the  initial  seat  of  the  degenerative  process.  Some- 
times it  will  begin  in  the  muscles  of 
the  shoulder-girdle,  sometimes  in  the 
small  muscles  of  the  hand :  the  same 
distinction  can  be  made  in  the  lower 
limbs.  Sometimes  the  degenerative 
process  will  commence  in  the  nuclei  of 
origin  of  cranial  nerves  giving  rise  to 
affection  of  deglutition,  phonation,  and 
iirticu\sLtion(^bidbarparah/.<dx).  Fibrillar)- 
twitchings  are  very  characteristic  of 
this  neuro-muscular  degenerative  pro- 
cess. 

DisUirbance  of  reflex  action. — The 
reflex  acts  are:  (1)  Tendon  or  deep 
reflexes ;  (2)  skin  or  superficial  re- 
flexes ;  (3)  I'eflex  functions  of  the 
bladder  and  rectum.  Such  reflexes  may 
be  increased,  diminished  or  lost. 

The  knee-jerk  is  the  best  example 
of  a  so-called  deep  reflex,  but  although 
dependent  upon  the  integrity  of  the 
reflex  arc  of  the  fourth  and  third 
lumbar  segments  of  the  spinal  cord, 
yet  careful  time-measurements  have 
shown  that  it  is  not  a  true  reflex.  It 
is  produced  by  striking  the  quadriceps 
tendon  put  on  the  stretch  by  flexing  the 
knee  ;  the  hamstring  muscles  are  thus 
at  the  same  time  relaxed,  so  that  the 
action  exerted  by  them  in  antagonism 
to  the  quadriceps  (Slierrington)  is 
done  away  with.  This  is  not,  however, 
so  much  due  to  the  fact  that  relaxation  of  the  flexor  muscles  of 
the  knee  leaves  that  joint  more  free  to  move  when  the  quadriceps 
extensor  is  excited  to  contraction  by  tapping  its  stretched  tendon,  as 

»  Myotalic  irritability  is  the  term  used  by  Gowei  s  to  embody  his  view  that  the  knee- 
jerk  and  other  deep  reflexes  depend  on  the  increased  IrritabiHty  of  a  stretched  muscle.  If 
the  tension  is  sudden  and  forcible,  not  only  increased  irritability  but  visible  contraction 
occurs.  This  is  especially  evident  wlien  cerebral  influence  has  been  removed  by  pyramidal 
degeneration. 


Fig.  300. — Diagram  to  Explaiti  the 
Knee-jerk  (^hevr'mglon).  Ex.,  Ex- 
ternal cutaneous  nerve;  A.c.,  an- 
terior crural  nerve  with  c'  cutaneous 
and  m'  muscular  branches,  coming 
from  the  3rd  and  4th  lumbar  seg- 
ments of  the  spinal  cord ;  Ob. ,  obtu- 
rator ;  Sc.,  sciatic  nerve  with  LP., 
internal  popliteal;  j  external 

popliteal  branches ;  Va.  Cr. ,  the 
vasti  and  the  crureus  muscles,  the 
internal  portion  being^specially  con- 
cerned in  the  knee-jerR.^  Destruction 
of  the  reflex  arc  of  fh'e  3rd  and  4th 
lumbarsegments  in  eitlier  its  efferent 
or  afferent  portions  will  abolish  the 
knee-jerk,  because  it  will  either  para- 
lyse the  vastus  crureus  muscle  or 
destroy  its  "  myotatic"  irritability.* 
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to  the  removal  of  an  antagonistic  tonic  influence  througli  afferent 
nerves  (fifth  and  sixth  hmnbar  roots),  which  the  flexor  group  of 
muscles  exert  through  the  spinal  reflex  arc  upon  the  correlated 
extensor  group  (Fig.  300).  Absence  of  the  tendon  reflex  without 
wasting  and  degeneration  of  muscle,  indicates  degeneration  of  the 
posterior  columns  of  the  cord.  Absence  of  the  tendon  reflex  with 
wasting  of  muscle  and  sensory  disturbance,  indicates  peripheral 
nerve  degeneration  or  destruction  of  the  central  grey  matter  of  the 
anterior  and  posterior  horns.  Absence  of  the  tendon  reflex  with 
wasting  and  degeneration  of  muscle,  but  without  sensory  disturbance, 
indicates  degeneration  of  the  anterior  horn  cells  or  primary  progressive 
myopathy. 

By  muscular  degeneration  is  not  meant  disuse-atrophy,  but  a  wasting 
accompanied  by  changes  in  electrical  excitability  of  the  nerve  and 
muscle.  Bastian  has  pointed  out  that  complete  destructive  transverse 
lesions  of  the  spinal  cord  high  up  in  the  dorsal  or  cervical  regions  (in 
which  presianabli/  the  reflex  arc  is  intact)  are  often  followed  by  absence 
of  the  knee-jerk.  Of  course  the  pyramidal  tracts  will  be  degenerated, 
and  it  is  difficult  therefore  to  understand  why  the  knee-jerks  are 
lost.  It  has  been  thought  by  Bastian  to  be  due  to  the  removal  of 
cerebellar  influence.  The  knee-jerk  is  diminished  in  old  age,  during 
sleep,  and  in  anaemia  of  the  spinal  cord. 

In  cases  whex'e  the  knee-jerk  is  exaggerated  owing  to  removal  of 
cortical  influence  by  degeneration  of  the  pyramidal  tracts,  another 
phenomenon  is  often  obtainable  ;  if  the  calf-muscles  which  extend  the 
ankle-joint  are  suddenly  put  on  the  stretch  by  pressing  the  hand 
against  the  sole  of  the  foot,  a  quick  contraction  occurs,  and  by 
keeping  up  the  pressure  there  is  a  recurrence  of  the  conti'actions  at 
a  regular  rate  (about  eight  per  second) ;  the  foot  is  thus  thrown  into 
a  series  of  clonic  spasmodic  contractions  termed  the  foot-clonus  or  ankle- 
clonus.  Conditions  which  give  rise  to  ankle-clonus  are  usually  accom- 
panied or  followed  by  contracture,  a  state  of  jiermanently  increased 
muscular  tonus. 

The  superficial  skin  reflexes,  epigast?ic,  gluteal,  cremasteiic,  plantar, 
are  usually  lost  in  those  diseases  of  the  spinal  cord  in  which  the  tendon 
reflexes  are  exaggerated.  They  are  frequently  lost  in  organic  brain 
diseases,  in  which  the  tendon  reflexes  are  also  exaggerated.  In  func- 
tional conditions,  such  as  hysteria,  in  which  the  deep  reflexes  may  be 
exaggerated,  they  are  not  lost. 

Examples  of  reflex  spinal  tonus  are  also  afforded  by  the  action  of  the 
sphincters  of  the  bladder  and  rectum.  The  tonic  contraction  of  these 
muscles  is  abolished  by  destruction'  of  the  lumbar  enlargement  of  the 
spinal  cord — hence  the  resulting  incontinence  of  faices  and  of  urine. 

Disturbance  of  sensation. — Irritation  of  the  sensory  areas  of  the 
cord  may  cause  hyperaislhesia — an  excessive  sensibility  of  the  skin  to 
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ordinary  .stimulation  ;  or  pam'sl/iexia,  viz.,  biirninf^,  tinfrliiifr,  crecj)ing, 
and  numbness,  referred  to  particular  parts  of  the  skin  and  limbs  wliicli 
correspond  to  the  segments  of  the  cord  irritated.  Pressure  on  roots 
nlso  gives  rise  to  very  severe  localised  pain  ;  and  at  tlie  level  of  a  focal 
lesion  of  the  cord,  as  in  transverse  myelitis,  there  is  a  feeling  of  a  cord 
round  the  waist  (girdle  smsalion). 

Dextructioii  of  the  sciixarij  Iraclx  of  Lhe  spinal  cord  or  of  the  posterior 
spinal  roots  will  lead  to  loss  of  sensation.  The  sensory  defects  may  be 
loss  of  sensation  (1)  of  touch  {tactile  anwstlie.sia^,  (2)  of  painful  sensa- 
tions (cmalgesia),  (3)  of  heat  and  cold  (Ihermo-anieslliesia),  (4)  of  muscular 
sense  (jilaxia'). 

The  posterior  roots  convey  to  the  cord  all  forms  of  sensibility; 
hence  when  tlie  morbid  process  affects  the  roots  all  forms  of  sensibility 
may  be  affected ;  but  when  the  fibres  forming  the  roots  enter  the 
coi'd,  they  separate  morphologically  into  three  systems  having  different 
functions  :  (1)  "short  spinal"  ending  in  the  grey  matter  of  the  spinal 
segment,  taking  part  in  the  reflex  arc ;  (2)  "  middle  length  "  fibres 
which  pass  into  the  external  part  of  the  posterior  column  and  conduct 
impulses  to  the  cerebellum;  (3)  "long  fibres"  which  at  first  lie  in  the 
external  portion  of  the  posterior  column,  afterwards  reach  the  median 
portion,  and  conduct  kinsesthetic  impulses  to  the  opposite  cerebral 
hemisphei-e.  Hence  it  is  possible,  as  in  diseases  of  the  sjjinal  cord, 
for  one  form  of  sensation  to  be  lost  while  others  are  preserved.  Thus 
in  diseases  of  the  greij  mailer  (syi-ingomyelia),  we  have  the  characteristic 
symptom  of  sensory  dissociation,  viz.,  tactile  sense '  preserved,  while 
sense  of  pain  and  of  heat  and  cold  is  lost.  In  diseases  of  the  posterior 
columns,  e.g.,  locomotor  ataxy,  we  may  have  ataxy  either  alone  or 
associated  with  anaesthesia.  In  general  myelitis  all  the  sensory  tracts 
are  implicated,  and  all  forms  of  sensation  are  affected.  In  transverse 
lesions  of  the  cord  there  is  an  interruption  to  the  transmission  of  all 
forms  of  sensation  below  the  lesion. 

The  spinal  coi'd  has  two  sets  of  functions  :  (l)  the  direct  reflex 
control  of  definite  visceral  and  somatic  regions  of  the  body,  by  means 
of  its  thirty-one  pairs  of  segmental  nerves,  (2)  the  function  of  trans- 
mitting sensory  afferent  impulses  to  the  bi-ain  and  motor  volun- 
tai"y  impulses  from  the  brain.  The  path  of  the  motor  impulses 
from  the  brain  is  well  known.  The  path  of  the  sensory  afferent  im- 
pulses is  not  so  definite.  It  may,  however,  be  concluded  that  the 
grey  matter  conducts  painful  and  thermal  sensations,  while  the 
posterior  columns  conduct  tactile  and  muscular  sense-impressions. 
The  other  afferent  tracts  in  the  cord  are  the  antero-lateral  (ventral 
cerebellar)  and  the  direct  cerebellar;  they  conduct  impulses  to 
the  cerebellum.  There  is  a  descending  cerebellar  tract,  occupying 
the  anterior  border  of  the  lateral  column,  the  fibres  of  which 
probably  arise   from    Deiter's    nucleus    (Fig.  321,   j).  .558).  The 


Fig.  301. 


Anterior  horn  ;  2,  base  of  anterior  horn  ;  3,  posterior  horn  ;  4, 
pyramidal  tract ;  5.  direct  cerebellar  tract ;  6,  antero-lateral  tract ;  7, 
oval  area  of  Flechsig  ;  8,  Lissauer's  zone  ;  9,  cornu  commissural ;  10, 
Gombault  and  Philippe's  tract ;  11,  direct  pyramidal  tract;  i2,Goll's 
column  ;  13,  Burdach's  column  ;  14,  postero-internal  triangle ;  15; 
comma  tract ;  xxxx,  root  zone.  7,  9,  10,  and  15,  are  endogenous 
tracts  and  do  not  undergo  degeneration  in  locomotor  ataxy.  The 
ground  fibres  situated  around  the  grey  matter  are  commissural 
uniting  the  different  segments  of  the  cord, 
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accompanying  diagram  re|)resents  tlie  various  afl'erent  and  efferent 
tracts  of  the  spinal  cord.  Those  tracts  which  arise  from  cells 
witliin  the  spinal  cord  are  sj)oken  of  as  cndogcnoii.i,  those  which 
arise  from  cells  outside,  e.g.,  the  spinal  ganglia,  are  spoken  of  as 
exogenous. 

The  principal  symptoms  of  disease  of  the  spinal  cord  are,  (1)  para- 
lysis, (2)  changes  in  reflex  activity,  (3)  alterations  of  gait  and  jjosture, 
(•t)  disturbance  in  the  control  of  the  sphincters  of  the  bowel  and 
bladder,  (5)  sensory  defects,  (6)  sensory  incoordination,  "ataxy," 
(7)  trophic  disturbances.  The  symptoms  arising  from  disease  of  the 
medulla  and  pons  are  especially  related  to  affection  of  the  nuclei  o  f  the 
cranial  nerves,  coinbined  with  inlernqjtion  of  the  motor  and  xensorij  tracts. 
Owing  to  the  existence  of  so  many  important  structures  close  together, 
small  vascular  lesions  or  tumours  in  these  regions  produce  serious  and 
generally  fatal  consequences. 

Cerebral  Localisation. — In  the  brain,  differentiation  of  function 
and  structure  finds  its  highest  development,  and  morbid  processes  may 
be  so  localised  as  to  lead  to  derangement  or  loss  of  some  particular 
function.  It  may  not  be  out  of  place,  therefore,  to  give  a  brief  account 
of  the  functions  of  the  brain  so  far  as  the  localisation  of  disease  is 
concerned.  Cerebral  localisation  in  man  is  sometimes  said  to  have 
had  its  foundation  in  the  discovery,  in  186l,  of  the  speech-centre  by 
Broca,  after  whom  is  named  that  portion  of  the  brain  corresponding 
to  the  third  left  frontal  convolution,  and  its  junction  with  the  ascending 
frontal.  The  important  clinical  observation  of  Hughlings  Jackson 
who  showed  that  an  irritative  lesion  of  the  cortex  produced  epilepti- 
form convulsions  affecting  representative  groups  of  muscles  in  a  definite 
march,  received  its  anatomical  and  physiological  explanation  by  the 
experimental  discovery  of  cerebral  localisation  by  Fritsch  and  Hitzig 
in  the  dog.  Various  monoplegias  in  man  due  to  localised  lesions 
have  been  noted,  by  which  the  Rolandic  area  has  been  mapped  out  into 
definite  regions,  closely  corresponding  to  those  mapped  out  bj'  stimu- 
lation in  the  orang-utan  by  Horsley  and  Beevor  (Fig.  302).  Munk 
first  demonstrated  experimentally  that  removal  of  both  occipital  lobes 
caused  blindness,  and  that  removal  of  one  caused  blindness  of  the 
opposite  half  of  the  field  of  vision  {hemianopsy).  There  are,  iiowever, 
functions  of  the  human  brain  which  can  only  be  ascertained  by 
association  of  defects  observed  during  life  with  lesions  post-mortem. 
e.g.,  the  centres  connected  with  (1)  articulate  speech,  absence  of  which 
is  termed  motor  aphasia,  localised  in  Broca' s  convolution  ;  (2)  visual  word 
memory,  localised  in  the  angular  gyrus  ;  (3)  auditoiy  word  memory — cases 
of  softening  of  the  po.stenor  third  of  the  fir.st  temporal  convolution 
having  been  observed  in  persons  who  could  read  written  language,  but 
could  not  understand  spoken  language ;  (4)  cases  of  disease  of  the 
base  of  the  second  frontal  convolution  found  associated  with  inability 
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to  write  words,  but  not  inability  of  utterance  (agraphia).  According  to 
Flechsig  certain  areas  of  the  cortex  contain  only  neurones  of  association 
and  no  neurones  of  afferent  or  efferent  projection;  these  latter  are  found, 
according  to  him,  only  in  the  excito-motor  (Rolandic)  region  of  the 
cortex  and  those  regions  which  are  concerned  with  special  sense,  e.g., 
occipital  lobes  and  tip  of  the  temporo-sphenoidal  lobe  ;  all  the  remainder 
of  the  cortex  consists  of  as.sociation-centres.  It  is  probable,  from  obser- 
vations upon  the  effects  of  disease  as  well  as  of  extensive  injuries, 
that  the  frontal  lobes  are  concerned  with  the  higher  functions  of  mind,  as 
impairment  of  the  moral  and  emotional  faculties  has  been  the  only 


Fig.  302, — Le/l  hemisphere,  showing  the  situation  of  the  cortical 
projection  cantres.  The  parts  which  are  not  lettered  represent 
Flechsig' s  association-centres. 

result  of  extensive  destruction  of  the  cortex  in  this  i-egion.  There 
is  abundant  evidence  to  prove  that  the  departure-platform  of  the 
efferent  motor  projection  system  is  in  the  central  convolutions 
(Fig.  302).  The  neurones  of  this  system  are  physiologically  con- 
nected by  their  dendrons  with  the  terminals  of  the  afferent  projection 
system,  and  by  the  tangential  system  of  fibres  of  the  superficial  layers 
of  neurones,  by  which  co-ordinate  action  of  adjacent  systems  is 
maintained. 

In  every  voluntary  movement  the  whole  three  nervous  circles  (cerebral, 
cerebellar,  and  spinal)  are  in  action  (Fig.  321)  ;  impulses  are  ascending 
the  afferent  systems  and  descending  the  efferent  during  the  whole 
time.  We  are  conscious  of  the  position  of  our  limbs  by  the  sensations 
which  ascend  the  afferent  system,  and  this  consciousness  is  necessary 
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to,  and  precedes,  volitioiinl  movement.  The  sense  ofmuremcnt  {hirnvslhesia) 
is  a  combination  of  the  sensations  proceeding  from  skin,  nmscle, 
tendons,  and  joints.  A  priori  we  should  expect  the  arrival-platform  of 
these  sensations  in  the  cortex  to  be  in  close  proximity  to  tlie  departure- 
platform  of  the  efferent  system.  Flechsig,  by  the  embryological 
method,  has  shown  that  the  sensory  fibres  of  tlie  internal  capsule 


F'G  303. — Photograph  of  Base  .of  Brain:  a,  atrophy  of  the  right  frontal 
lobe,  clue  to  softening ;  d,  healed  aneurysm  of  the  basilar  artery  ;  from 
a  case  of  post-hemiplegic  dementia  with  epilepsy. 

terminate  in  the  central  convolution.  It  must  be  admitted,  however, 
that  lesions  of  the  cortex  do  not  as  a  rule  produce  marked  sensort/ 
defects. 

Lesions  of  the  brain  way  be  irritative  or  destriictire.  If  an  irritative 
lesion  be  situated  in  the  excito-motor  area  it  will  cause  fix,  commencing 
usually  with  a  sensory  aura  in  the  part  which  is  thrown  into  convulsions. 
If  it  be  a  destructive  lesion  there  will  be  a  loss  of  Junction,  which  may  or 
may  not  be  discoverable,  according  to  the  side  of  the  brain  aifected, 
and  its  seat.    Loss  of  speech,  of  visual  word-memonj,  of  auditory  word- 
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memory,  or  agraphia,  only  occur  when  the  centres  in  the  left  hemisphere 
are  destroyed,  tinless  the  patient  be  born  a  left-handed  person.  Exten- 
sive lesions  in  some  portions  of  the  brain,  e.g.,  frontal  region,  may  not 
be  discoverable  during  life,  but  probably  this  is  owing  to  our  want  of 
discernment  and  of  previous  knowledge  of  the  intellectual  and  moral 
character  of  the  individual  before  he  was  afflicted.  If  the  middle 
cerebral  artery  be  blocked  at  its  commencement,  there  will  not  only 
be  softening  of  the  whole  cortical  area  supplied  by  this  vessel,  but  also 
of  the  internal  capsule  and  basal  ganglia  {A,  Fig.  304),  resulting  in 
hemiplegia  ;  and,  if  on  the  left  side,  there  will  be  aphasia,  word-deafness, 
and  word-blindness.    If  the  artery  be  blocked  at  B  beyond  the  basal 


Optic  CMasm. 


Fig.  304. — Diagram  after  Von  Motiakozu  to  show  the  effect  of  Embolism. 

See  text. 


arteries,  there  is  a  possibility  of  some  collateral  circulation  being 
restored  by  the  anterior  cerebral.  If  the  fiist  sylvian  branch  is 
blocked  (C),  there  will  be  softening  in  Broca's  convolution  and  aphasia. 
If  the  second  (£),  there  will  be  softening  of  the  Rolandic  area  and  hemi- 
plegia ;  while  blocking  of  the  posterior  main  division  (J))  of  the  middle 
cerebral  arteiy  on  the  left  side  will  cause  word-blindness  and  word-deaf- 
ness, frequently  accompanied  by  dementia,  but  not  by  motor  aphasia  or 
liemiplegia.  The  effect  of  occlusion  of  the  posterior  cerebral  artery  is 
lateral  homonymous  hemianopsy,  often  only  partial  in  character. 

Lesions  in  the  centrum  ovale  produce  effects  according  to  the  size 
and  seat  of  the  lesion.  The  motor  and  sensory  pi-ojection-systems  form 
two  funnels  with  their  base  at  the  cortex,  and  their  neck  at  the 
internal  capsule.    It  requires  a  large  lesion  in  this  region  to  interrupt 
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the  whole  of  the  fibres  bcloiifring  to  these  systems.  Lesions  of  the 
internal  capsule  nve  espeeially  common  in  both  softening  and  lia^morrliage 
(pp.  551,  554).  The  functions  of  the  cerchclhnn  liave  been  determined 
more  accurately  in  recent  years,  and  Luciani  has  sliown  that  removal 
of  this  organ  in  animals  produces  asllienia,  aionia,  and  astasia.  It  is 
generally  admitted  that  the  cerebellum  is  an  organ  concerned  with 
muscular  co-ordination,  and  it  is  probably  by  the  exercise  of  tliis 
function  under  the  guidance  of  j)eriplu-ral  stimulation,  that  it  serves 
to  maintain  steadiness  in  gait  and  station.  Each  lateral  lobe  of  the 
cerebellum  is  connected  with  the  motor  cortex  of  the  opposite  cerebral 
hemisphere.  Probably  the  cerebellum  has  also  an  imporbmt  influence 
upon  the  maintenance  of  ton  us  in  the  fixation  of  a  joint  by  the  correlative 
action  of  the  antagonistic  muscles.  The  results  of  cerebellar  disea.se,  e.g., 
tumour,  cyst,  or  abscess,  are  wisteadine.ss  of  gait  and  station,  the  ataxy 
which  results  is  peculiar,  the  gait  being  oscillating,  causing  the  patient 
to  sway  to  and  fro  like  a  drunken  man.  As  a  rule  the  patient  walks 
and  tends  to  fall  towards  the  affected  .side  in  unilate?-al  le.nons.  There  is 
generally  hemi-paresis  on  the  same  side  as  the  lesion. 


INFLAMMATION  OF  THE  MENINGES. 

Three  membranes  enclose  the  central  nervous  system,  but  owing  to 
the  intimate  connection  of  the  pia  mater  and  arachnoid,  these  alwa3's 
suffer  together.  Inflammation  of  the  tough  fibrous  dura  mater  is 
termed  pachpneningitis.  Inflammation  of  the  soft  jjia-arac/moid  is 
termed  meningitiji,  or  more  precisely,  as  the  antithesis  to  pachy- 
meningitis, leptomeningitis. 

Pachymeningitis.  ' 

■  The  dura  mater  consists  of  two  layers,  a  thick  outer  laj-er  Avhich  is 
periosteal  in  its  functions,  and  a  thin  inner  layer  with  a  smooth  epithelial 
surface.  Either  layer  may  be  the  seat  of  inflammation,  which  is  usually 
chronic. 

External  pachymeningitis  is  frequently  caused  by  caries  or  necrosis  of 
the  spine  and  bones  of  the  skull  due  to  .syphilis,  wounds,  or  exten- 
sion from  disease  of  the  middle  ear. 

Morbid  Anatomy. — The  dura  mater  at  first  is  oedematous  and  con- 
gested ;  later  it  may  be  covered  with  pus  which  separates  it  from  the 
bone  and  also  infiltrates  its  substance.  If  the  inflammation  does  not 
become  purulent,  the  thickened  outer  layer  of  dura  mater  maj' become 
firmly  adherent  to  the  bone. 

Internal  pachymeningitis  is  characterised  by  the  formation  of  a  false 
membrane,  usually  very  vascular  and  consisting  of  several  layers. 
Owing  to  the  rupture  of  vessels,  blood-cj'^sts  ai-e  found  between  the 
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layers,  known  by  the  name  of  hmmatomata  of  the  dura  mater.  The_/a/*e 
membrane,  which  usually  causes  adherence  of  the  dura  mater  to  the 
arachnoid,  extends  generally  over  the  greater  part  of  one  or  both 
hemispheres.  The  condition  is  rare,  and  met  with  usually  in  general 
paralysis  of  the  insane  and  in  chronic  alcoholism. 

Meningitis  or  Leptomeningitis. 

Inflammation  of  the  pia-arachnoid  is  in  nearly  all  cases  due  to 
infective  inflammation  produced  by  micro-organisms.  The  most 
important  form  is  tubercular  (p.  360).  A  number  of  other  causes  of 
infection  exist,  which  may  be  considered  under  the  headings  local 
and  general. 

Local — (1)  Traumatic  injuries  of  the  head  with  direct  infection. 

(2)  Adjacent  disease  outside  the  dura  mater,  suppurative  otitis, 
chronic  ear-disease  with  caries  of  the  mastoid  or  petrous  portions  of 
the  temporal  bone,  and  occasionally  disease  of  the  bones  of  the  nose  or 
orbit.  The  infection  in  these  cases  may  spi'ead  directly,  or  along  the 
course  of  lymphatics  or  blood-vessels.  It  is  probable  that  some  cases 
of  meningitis  in  which  no  visible  organic  cause  is  found  post-mortem 
may  have  arisen  by  the  infection  gaining  access  to  the  middle-ear  by 
the  Eustachian  tubes. 

(3)  Tumours  and  abscesses  of  the  brain  may  cause  inflammation  of 
the  adjacent  meninges. 

General. — Meningitis  may  occur  in  the  course  of  certain  infective 
diseases — e.g.,  small-pox,  scarlet  fever,  measles,  septicaemia,  and  in 
syphilis,  gonorrhoea,  pneumonia,  and  acute  rheumatism.  Cerebro- 
spinal meningitis,  due  to  a  specific  diplococcus  (p.  29.9),  may  also  occur 
in  an  epidemic  foiin.  A  form  of  meningitis  described  by  Barlow  and 
Gee,  designated  posterior  basic  meningitis,  is  also  due  to  the  same 
diplococcus.  It  affects  infants  and  young  children,  and  one  half  the 
cases  are  fatal.  Meningitis  in  rare  instances  has  followed  a  blow 
not  causing  any  wound,  and  it  has  been  found  post-mortem  in  some 
cases  of  sunstroke.  Thickening  and  opacity  of  the  membranes  also 
occur  in  chronic  wasting  degenerative  processes  of  the  central  nervous 
system  ;  for  example,  tabes  dorsalis  and  general  paralysis.  The  process 
is  now  generally  considered  to  be  secondanj  to  the  ati-ophy. 

Morbid  Analomi/. — When  the  infection  is  local  the  meningitis  may  be 
circumscribed,  but  when  the  cause  is  some  infective  blood  condition  it 
is  usually  generalised,  and  may  in  some  cases  affect  the  spinal  as  well 
as  tile  cerebral  meninges — e.g.,  meningitis  occurring  in  the  course  of 
pneumonia  may  in  many  ways  resemble  the  epidemic  form.  Tubercular 
meningitis  usually  affects  the  base  primarily  and  especially,  whereas  in 
other  forms  the  convexities  of  the  hemispheres  are  affected.  Certain 
changes  are  common  to  all  forms  of  meningitis.    The  pia  mater  is  in- 
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tensely  hyperaemic  and  red,  as  if  the  vessels  had  been  artificially  injected. 
Soon  opacity  and  tliickening  of  the  membranes  occur,  recognisable 
most  readily  in  the  arachnoid  ;  and  along  the  course  of  the  vessels 
there  is  an  opacity  owing  to  distension  of  the  perivascular  lymphatic 
sheaths.  An  inflammatory  exudation  from  the  blood-vessels  of  the  pia 
mater  occurs;  this  may  be  serous,  sero-purulent,  or  purulent,  and  is 
manifest  especially  over  the  sulci  of  the  convexity  and  the  spaces  at  the 
base  of  the  brain.  In  severe  cases  pus  mixed  with  fibrin  forms  a  continu- 
ous opaque  yellowish  layer  under  the  visceral  layer  of  the  araclmoid. 
The  inflammation  usually  spreads  to  the  adjacent  structures,  causing 
neuritis,  myelitis,  encephalitis,  and,  later  on,  adhesions.  The  ventricles 
of  the  brain  and  the  inter-jDeduncular  subarachnoid  space  may  be  dis- 
tended with  a  turbid  serous  fluid,  and  the  choroid  plexus  as  well  as  the 
velum  interpositum  are  usually  congested  and  swollen.  This  fluid, 
examined  microscopically,  may  be  found  to  contain  large  granular 
epithelial  cells,  leucocytes,  or  pus  cells. 

The  suppurative  process  is  extremely  marked,  and  often  very  rapid 
in  formation  in  epidemic  cerebro-spinal  meningitis. 

Effects. — The  first  stage,  or  period  of  excitation,  is  characterised  bj' 
headache,  delirium,  rigidity,  and  general  or  local  convulnions :  these 
symptoms  can  be  accounted  for  by  the  irritation,  in  early  stages  of 
inflammation,  of  the  cortex,  cms,  pons,  medulla,  or  the  spinal  cord 
and  nerves. 

The  second  stage  or  peiiod  oj^  depression  occurs  as  the  inflammation 
extends  into  the  cortex  and  motor  nerves,  paralyses  of  various  kinds 
appeai'ing.  In  the  final  stage,  the  increasing  effusion  into  the  skull 
causes  a  rise  of  intra-cranial  ^jressure  and  thus  induces  coma.  Another 
way  in  which  symptoms  may  be  produced  is  by  the  growth  of  micro- 
organisms which  may  have  a  local  irritating  action,  or  symptoms  may 
arise  from  the  absorption  of  their  toxic  products.  The  pneumococcus 
is  the  organism  most  fi-equently  found. 

INFLAMMATION  OF  THE  CENTRAL  NERVOUS 

SYSTEM. 

Encephalitis. — Inflammation  of  the  brain  may  arise  from  three 
causes :  traumatic  injury,  inflammation  of  adjacent  structures,  and 
acute  infective  diseases— erysipelas,  typhoid  fever,  typhus  and  diph- 
theria. Striimpell  considers  that  infantile  cerebi'al  hemiplegia  is  due 
to  a  primary  systemic  inflammation  of  the  gi'ey  matter  of  the  motor 
cortex,  analogous  to  anterior  polio-myelitis ;  hence  he  terms  it  polio- 
encephalitis. Very  probably  the  two  diseases  have  an  identical  cause. 
Anatomically,  the  alteration  in  the  brain-tissue  which  results  from  acute 
inflammation  is  a  process  of  red  sojtening. 
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Cerebral  Abscess. — The  causes  may  be  divided  into  local  and 
distant.  By  far  the  most  frequent  local  cause  of  cerebral  abscess  is 
chronic  ear-disease.  Inflammation  of  the  middle  ear  or  mastoid  cells  is 
often  followed  by  a  purulent  discharge  and  caries  of  the  bone;  not  infre- 
quently arrest  of  the  discharge  is  followed  by  abscess.  Occasionally  there 
may  be  no  bone  disease,  only  suppurative  inflammation  of  the  middle 
ear  or  mastoid  cells  ;  and  in  such  cases  the  infection  probably  passes  by 
the  jjeri vascular  lymphatics  along  the  veins  which  connect  the  tympanic 
cavity  and  mastoid  cells  respectively  with  the  superior  petrosal  and 
lateral  sinuses.  Disease  of  the  nose  and  orbit,  syphilitic  caries  of 
other  bones,  tumour  of  the  brain,  and  injury,  are  among  the  rarer 
causes  of  cerebral  abscess.  Distant  causes  are  pyaemia,  gangrene  of 
the  lung,  foetid  bronchitis,  bronchiectasis  and  emjjyema  —all  rarely 
met  with. 

Morbid  Anatomy. — Abscesses  are  usually  solitary,  but  there  may  be 
several,  and  in  pyaemia  sometimes  many ;  in  size  they  are  rarely  less 
than  that  of  a  walnut,  and  may  even  involve  the  greater  part  of  a 
cerebral  hemisphere.  Owing  to  the  frequency  with  which  ear  disease 
acts  as  a  cause,  abscess  is  met  with  most  often  in  the  temporo-sphenoidal 
lobe  and  the  lateral  lobe  of  the  cerebellum.  In  nasal  and  orbital 
disease  it  is  usually  found  in  the  adjacent  frontal  lobes.  In  chronic 
cases  the  abscess  cavity  is  limited  by  a  well-defined  capsule  :  the 
more  acute  the  abscess  the  less  is  there  a  tendency  for  it  to  be 
circumscribed. 

The  process  of  supjmration  commences  with  inflammatory  softening  ; 
cell-infiltration  rejilacing  and  destroying  the  normal  structure.  Pus  is 
formed  which,  in  the  case  of  ear  disease,  is  usually  of  a  greenish  colour 
and  frequently  of  foetid  odour  and  acid  reaction.  It  is  made  up  of  pus- 
corpuscles,  degenerated  cells,  fat,  cholesterin,  haematoidin,  and  mici-o- 
organisms,  usually  staphylococci  and  streptococci.  The  pus  is  contained 
at  first  in  an  irregular  cavity,  and  there  is  a  tendency  for  the  abscess  to 
increase  by  a  necrosis  of  portions  of  the  limiting  tissue  ;  it  may  thus, 
by  spreading,  burst  into  the  lateral  ventricles  or  externally.  It  may, 
however,  become  encapsuled  by  connective-tissue,  and  the  pus,  under- 
going mucous  degeneration,  becomes  thick  and  viscid.  It  is  thought 
that  pus  thus  encapsuled  may  dry  up  and  caseate  or  calcify,  or  even  be 
completely  absorbed,  leaving  little  more  than  a  scar.  The  symptoms 
produced  by  abscess  depend  upon  local  irritative  effects  of  the  infec- 
tive inflammation,  septic  absorption  and,  in  severe  cases,  intra-cranial 
pressure. 

Myelitis. — The  term  mijelilis  has  been  used  for  all  forms  of 
degeneration  of  the  spinal  cord,  and  thus  we  have  the  sub-divisions — 
acute,  sub-acute,  and  chronic  ;  or  it  may  be  considered  according  to 
its  localisation,  and  then  the  terms  transverse  myelitis,  diffuse  myelitis, 
leuco-myelitis,  polio-myelitis,  and  meningo-myelitis  are  used. 
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The  true  causes  are  probably  infective  organisms  or  toxic  agencies. 
Cold  and  injury  may  operate,  as  in  pneumonia,  by  lowering  the  vital 
resistance. 

Of  all  the  infective  diseases  which  lead  to  these  various  forms  of 
myelitis,  syphilis  is  the  most  important;  but  tuberculosis  (in  the 
production  of  Pott's  disease  and  meningo-myelitis),  epidemic  cerebro- 
spinal meningitis,  gonorrhcea,  measles,  diphtheria,  influenza,  scarlet 
fever,  small-pox,  and  typhoid  fever  offer-  examples  of  infective  diseases 
which  have  been  followed  by  various  forms  of  myelitis.  Probably  the 
inflanmiation  is  due  to  the  loxinii  produced  in  the  blood  by  the  infective 
organisms.  Other  toxic  agencies,  as  in  ergotism,  pellagra  and  lathyrism, 
offer  examples  of  vegetable  poisons  ;  lead  and  arsenic,  of  mineral  poisons, 
any  of  which  may  cause  myelitis. 

Acute  Myelitis. — The  naked-eye  appearances  are  variable  ;  the 
spinal  tissue  is  sometimes  softened,  pinkish-white  in  ajjpearance, 
yellowish  or  brownish-red,  according  to  the  condition  of  the  blood- 
vessels and  the  amount  and  change  in  the  extravasated  red  blood- 
corpuscles.  In  an  early  stage,  a  large  number  of  granular  corpuscles 
and  amyloid  bodies  appear ;  the  axis-cylinders  are  either  swollen  and 
granular,  or  destroyed,  and  the  myelin-sheaths  of  the  white  matter 
are  rapidly  broken  up.  The  ganglion-cells  undergo  degeneration ; 
their  processes  are  swollen  and  varicose,  or  broken  off  (Fig.  307). 
Stained  by  Nissl's  method,  the  chromatic  substance  loses  its  normal 
appearance,  and  the  granules  are  no  longer  visible  in  the  cell-body  or 
dendrons.  The  protoplasm  is  diffusely  stained,  and  the  nucleus 
eccentric  or  extruded ;  later  the  cells  present  signs  of  atrophy,  and 
eventually  may  completely  disappear. 

The  vessels,  thrombosis  of  which  appears  in  many  cases  to  be  the 
determining  cause  of  the  above-mentioned  changes,  are  engorged  with 
blood,  and  their  lymphatic  sheaths  filled  with  leucocytes  :  and  when 
the  inflammation  is  very  intense,  hemorrhages  may  be  found.  There 
is  an  increase  of  nuclei  and  small  round  cells  in  the  gi'ey  matter, 
and  Deiter's  cells  are  more  numerous  than  normal. 

Later  the  connective-tissue  undergoes  proliferation  and  there 
is  rapid  progressive  softening  of  the  nervous  elements  owing  to 
granulo-fatty  degeneration.  The  process  thus  passes  into  the 
chronic  stage  constituting  grey  softening.  Haemorrhages  may  occur 
in  these  foci  of  softening,  and  eventually  the  process  ends  in  a 
sclerosis. 

All  varieties  of  diffuse  myelitis  have  a  common  pathological 
anatomy,  but  the  clinical  symptoms  will  of  necessity  vary  according  to 
the  seat,  extent,  and  distribution  of  the  inflammatory  process. 

Periependymal,  or  central  myelitis  occasionally  occurs,  but 
the  effects  depend,  as  in  syringomyelia,  upon  the  amount  and  seat  of 
the  destruction  of  the  grey  matter. 
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Meningo-myelitis. — Erb  has  called  attention  to  the  fact  that  in 
syphilis,  very  frequently  in  the  early  secondary  stage  of  the  disease,  a 
focal  mijelilis  occurs,  the  principal  features  of  which  are  diffuse 
myelitis  of  the  white  matter  (not  involving  definite  tracts),  local 
thickening  of  the  meninges,  and  a  penphlebitis,  with  venous  stasis 
or  thrombosis,  but  no  syphilitic  changes  in  the  arteries. 

Transverse  myelitis  is  produced  by  Pott's  disease,  aneurysm, 
growtlis,  and  thickening  of  the  dui'a  mater.  The  symptoms  vary 
according  to  the  seat  of  the  lesion.  The  mechanism  of  the  damage  to 
the  cord  is  twofold — viz.,  compression  and  hiflammation.  The  cord  may 
(at  the  seat  of  compression)  be  flattened,  indented,  or  even  reduced  very 
greatly  in  size  (Fig.  325)  ;  on  section  it  has  usually  a  grey  appearance. 
The  microscopical  appearances  of  inflammation  correspond  to  those 
already  described,  and  the  changes  in  the  cord  above  and  below  the 
seat  of  injury  are  described  under  Secondarij  Degeneratio7is. 

The  pathological  effects  may  be  considered  under  two  distinct 
headings — Root  symptoms  and  Cord  sijmptoms.  The  former  usually 
develop  first  in  the  form  of  shooting  j}ui?is,  owing  to  irritation  of  the 
sensory  roots  involved.  With  the  pain  there  is  usually  hypercestliesia  of 
the  skin.  Irritation  of  motor  roots  causes  painful  co7itracture.  Cord 
symptoms  are  :  paresis  or  paralysis  below  the  lesions,  increase  of  super- 
ficial rejiexes  and  of  myotatic  irritability.  There  may  be  no  loss  of 
sensibiUty  discoverable  in  the  parts  below  the  lesion,  although  there 
is  complete  paralysis,  but  there 
may,  on  the  other  hand,  be  delay, 
and  in  severe  cases  absolute  loss  of 
sensation.  The  condition  of  the 
sphincters  and  the  tendency  to  bed- 
sores depend  upon  the  integrity  of 
the  lumbar  enlargement.  If  the 
lesion  is  in  the  lower  cervical  region 
the  pupils  may  be  afftcted  from  im- 
plication of  the  cilio-spinal  centre, 
and  the  pulse  rate  diminished  from 
damage  of  the  accelerator  fibres  of  Fig.  2.0s.— Diagrammatic  RepresentaHon 
the  heart.  "f  the  Supply  of  the  Groups  of  Anterior 

Polio-myelitis.— An  acute  in-      ^Z"  f'^^\  f 'f.  Branches 
"  of  the  Anterior  Median  Arteries.  Showing 

nammation  01  the  anterior  cornua 


AH 


one  group  of  cells  completely  destroyed 
by  occlusion  of  one  of  these  small  vessels, 
and  thus  explaining  why  in  polio-myelitis 
there  is  usually  permanent  loss  of  move- 
ment in  some  one  or  more  muscles. 


is  the  morbid  change  found  in  in- 
fantile paralysis  and  in  acidc  spinal 
paralysis  of  the  adult.  Singer  and 
Munzer  have  shown  that  they  can 
produce  a  destruction  of  the  anterior  horn  cells  of  the  rabbit  by 
compression  of  the  abdominal  aorta,  thus  cutting  off  the  sujiply 
of  blood  to  the  lower  end  of  the  cord.    It  is  highly  probable  that 
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iinterior  polio-myelitis  is  due  to  blocking  of  the  anterior  radicular 
arteries  by  inflammatory  thrombosis,  jjossibly  of  infective  origin 
(Fig.  .SO,)),  by  which  one  or  all  the  groups  of  cells  in  the  anterior  horn 
are  destroyed,  according  to  the  extent  of  occlusion  ;  thus  jjatches 
of  softening  arise  in  the  anterior  cornua  on  one  or  both  sides. 
The  microscopical  appearances  of  the  anterior  horns  in  a  recent 
case  are  similar  to  those  described  as  occurring  in  acute  myelitis 
(Figs.  306,  307).  The  appearances  jjresented  by  the  spinal  cord 
may  vary  very  considerably,  according  to  the  length  of  time  which 
has  elapsed  since  the  onset  of  the  disease.    In  an  old  ease,  the 


Fig.  306. — Photomicrograph  of  aVertical  Section  of  Lumbar  Enlargement 
of  the  Spinal  Cord  just  behiiid  the  Anterior  Median  Fissure  and 
through  the  Anterior  Comtnissure.  On  either  side  of  the  mid-line 
is  a  clear  space  containing  granular  matter  ;  this  corresponds  to  the 
terminal  distribution  of  one  of  the  branches  given  off  on  either  side 
by  the  anterior  median  artery'  at  the  bottom  of  the  fissure.  From 
a  Case  of  Acute  Infantile  Polio-myelitis  ;  death  14  days  after  onset. 
X  12.    Ifiea  Archives  of  Neurology,  \'o\.  I.) 

segments  of  the  spinal  cord  corresponding  to  the  muscular  paralysis 
(usually  the  lumbar  and  cervical  enlargements)  exhibit  a  more 
marked  translucency  of  the  grey  matter  of  the  anterior  horns ;  and 
if  limited  to  one  side,  as  it  often  is,  a  diminution  in  size  of  the  anterior 
horn  as  compared  with  the  opposite  healthy  side.  The  anterior  honi 
cells  may  be  absent,  or  vestiges  of  degenerated  ganglion-cells,  in  the 
form  of  obtuse  or  rounded  pi-otoplasmic  bodies  without  processes, 
,  may  be  present  The  fine  nerve-plexus  around  the  cells  is  either 
greatly  diminished  or  completely  absent,  and  only  neuroglia  and 
Deiter's  cells  may  be  visible.  The  vessels  are  thickened.  When 
the  lesion  is  bilateral  it  is  rarely  symmetrical ;  more  frequently  it 
is  unilateral,  and  it  will  then  be  observed  that  there  is  secondary 
atrophy  of  correkited  structures  of  the  same  half  of  the  cord — viz., 
of  the  posterior  column,  antero-lateral  column  and  jwsterior  horn  : 
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some  observers  have  described  atrophy  of  the  corresponding  motor 
convolutions  of  the  brain.  Atrophy  of  anterior  root  fibres  must  occur. 
Atrophy  of  the  bones  has  also  been  found. 


Fig.  307. — Photomicrograph  of  Base  oj  Anterior  Horn  showing  Cells 
with  Sivolleti  Varicose  Axis  Cylinders  and  Acute  Inflammation  in 
the  tissues  around.  From  a  case  of  acute  infantile  poliomyelitis,  in 
which  death  occurred  14  days  after  onset.  Specimen  stained  by  Nissl 
method,     x  250.    [Se.fi  Archives  of  Neurology,  \o\.  \.) 

Landry's  paralysis  (acute  ascending  parahjsis) :  no  definite  lesion 
has  been  described  ;  it  may  be  due  to  the  effects  of  a  toxin  acting,  upon 
the  central  or  peripheral  nervous  system.  The  absence  of  troubles  of 
nutiition  and  sensibilitij  points  to  the  poison  actings  like  curare,  especially 
upon  the  motor  tract,  and  serves  to  distinguish  the  disease  from  acute 
myelitis  (p.  536). 

CONGENITAL  DEFECTS  OP  THE  BRAIN. 

Only  those  defects  associated  with  Congenital  Hemiplegia,  Diplegia, 
Epilepsy,  and  Imbecility,  will  be  here  described  (p.  6). 

Infantile  paralysis  of  cerebral  origin  arises  from  a  number  of  morbid 
conditions.  Some  are  of  vascular  origin,  some  are  due  to  inflammatory 
conditions,  and  some  to  arrested  development. 

]^orbid  Anatomy. — Ci/sts,  areas  of  sclerosis,  or  jmlchcs  of  softening, 
may  be  found  the  result  of  embolism,  thrombosis,  or  haemorrhage, 
usually  meningeal.  Porencephalon  is  generally  congenital.  It  is  a 
defect  of  the  convolutions  of  variable  extent,  by  which  a  cavity  is 
formed,  penetrating  a  variable  distance  into  the  hemisphere,  some- 
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times  as  far  as  the  ventricles.  The  meninges  are  intact  and  present 
neither  thickenings  nor  adhesions;  often  the  membranes  are  found 


J 

Fig.  308. — Drawijig from  Photograph  shtnving  Hemiatrophy  of  the,  Left 
Hemisphere,  from  a  Case  of  Congenital  Hemiplegia  with  Epilepsy 
and  Imbecility.  There  was  also  .Atropliy  of  the  right  half  of  the 
Cerebellum.  It  will  be  observed  that  the  bone  is  correspondingly 
thickened  where  the  bone  is  atrophied.  The  lesion  was  probably 
primarily  in  the  anterior  part  of  the  optic  Thalamus. 

adherent  to  the  ependyma  of  the  ventricles.  The  defect  is  generally 
limited  to  the  area  of  some  definite  vascular  supply.  The  convolutions 
around  usually  present  a  radiate  ajipearance. 
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Atrop/ii/  and  Sc/eroxi.s: — Groups  of  convolutions,  an  entire  lobe,  or 
the  whole  of  a  hemisphere  may  be  wasted,  and  usually  in  such  cases 
there  is  atrophy  of  the  opposite  half  of  the  cerebellum.  The  mem- 
branes may  appear  normal  ;  more  often  they  are  thickened  and 
adherent.  Sometimes  there  are  little  nodular  jirojections  all  over  the 
surface  of  the  atrophied  convolutions.  Some  of  these  cases  may  be 
the  result  of  polioencephalitix,  others  are  due  to  thrombosis  of  veins. 
In  both  conditions  multiple  haemorrhages,  atrophy  of  nervous  tissue 
and  overgrowth  of  glia-tissue  are  found. 

Mention  may  also  be  made  of  a  severe  form  of  infantile  paralysis  of 
cerebral  origin,  associated  with  blindness  which  affects  members  of  the 
same  family.  It  has  been  termed  by  Sachs,  who  described  its  path- 
ology, "amaurotic  family  idiocy."  It  is  a  good  example  of  hereditaiTj 
failure  of'  derelopineiit  (^agenesis  cortica/is). 

TUMOURS. 

.SStiology. — The  cause  of  cerebral  tumours  is,  as  a  rule,  unknown, 
except  those  of  syphilitic  and  tubercular  origin,  and  the  different 


Fig.  309  — Fibro-efidotheliomatoiis  Tumour  growing  from  the  Dura  Mater 
pressing  on.  the  Frontal  Convolutions ;  attended  with  no  paral)'sis 
during  life,  nor  were  signs  of  intra-cranial  pressure  observed,  probably 
owing  to  the  very  slow  growth.  Patient  was  subject  to  fits  and  was 
demented. 


varieties  of  parasitic  cysts.  Many  are  secondary  deposits  from  growths 
elsewhere,  or  commence  in  the  enclosing  and  supporting  tissues  of 
mesoblastic  origin.  There  are  however,  a  number  of  tumours,  of 
which  glioma  is  the  commonest,  which  commence  in  epiblastic  struc- 
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tures ;  and  these,  together  with  other  |)riniary  forms,  are  due  to 
developmental  causes,  as  yet  little  understood.  Cerebral  tumour  is 
not  infrequent :  according  to  Starr,  it  is  the  cause  of  death  in  one 
case  out  of  every  120  examined  upon  the  jjost-morteni  table  of 
hospitals.  Tumour  is  met  with  most  frecjuentiy  in  early  and  middle 
life;  it  is  twice  as  frequent  in  males  as  in  females,  and  of  all  the 
cases  of  cerebral-tumour  more  than  oite-halj' are  liihcrciilar.  Excepting 
syphilis  and  tuberculosis,  tlie  other  forms  of  j)rimary  tumour  may 
develop  in  apparently  healtliy  persons,  although  frequently  there  is  a 


Fig.  310. — Microphotograph  of  a  section  of  Glioma  of  the  Pons. 
X  300. 

history  of  a  blow  on  the  head,  or  local  injurij.  It  may  be  that  the  blow 
merely  excites  inflammatory  change  in  the  tissue  around  a  growth 
which  is  more  or  less  latent,  e.g.,  a  tubercular  deposit. 

(1)  Gliomata  (p.  82). — These  growths  do  not  necessarilj'^  destroy 
the  brain-substance,  for  frequently  the  nerve-fibres,  being  nierelj' 
pushed  aside,  retain  their  conducting  power  (Fig.  310). 

(2)  Sarcoma  (p.  90)  seldom  arises  in  the  substance  of  the  central 
nervous  system,  being  of  mesoblastic  origin.  Primary  sarcoma  com- 
mences in  tlie  fibrous  structures  of  surrounding  tissues,  for  example  in 
the  pia-arachnoid  membranes,  in  the  dura  mater,  in  the  periosteum  of 
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the  cranial  bones  and  vertebrae,  and  in  the  bones  themselves,  especially 
of  the  base  of  the  skull. 

(3)  Gummata  (syphilis  of  the  nervous  system,  p.  548). 

(4)  Tubercular  masses  (p.  337). — These  tumours  are  most  fre- 
quently met  with,  according  to  Gowers,  in  (l)  the  cerebellum,  (2)  the 
cortex,  and  (3)  the  pons.  They  occur  especially  in  children^  and 
frequently  give  rise  to  hijdrocephalus. 

(5)  Carcinoma  is  nearly  always  secondary,  and  the  primary  growth 
is  most  frequently  in  the  mammary  gland  ;  this  form  is  multiple  and 
grows  rapidly. 

(6)  Psammoinata  (p.  88)  as  a  rule  do  not  produce  symptoms  of 
intracranial  pressure,  although  they  may  give  rise  to  convulsions  when 
pressing  upon  the  central  convolutions.  Many  of  these  may  be  seen 
upon  the  post-mortem  table  in  cases  which  were  classed  as  epileptic 
dements  in  the  asylums.  The  tumours  are  circumscribed  and  indent,, 
but  do  not  infiltrate  the  subjacent  brain  tissue,  and  are  therefore 
quite  capable  of  removal  (Fig.  309). 

Parusilic  cysts  (echinococcus  and  cysticerci)  (p.  235),  cholesteatomata, 
angio-sarcomata,  automata,  dermoid  cysts,  cysts  of  the  choroid  plexus,  and 
other  growths — -e.g.,  tumours  o  f  the  hypophysis  cerebri — are  in  rare  cases 
met  with.  The  morbid  anatomy  of  these  tumours  is  described  elsewhere. 

The  pathological  effects  of  tumours  are  (l)  Increased  intra-cranial 
pressure  upon  all  parts  of  the  brain,  producing  compression  of  veins 
and  hydrops  ventriculorum  ;  and  (2)  direct  irritation  or  destruction  of  nerve- 
elements,  causing  loss  or  impaimient  off  unction. 

The  general  symptoms  of  tumour  are  headache,  vomiting, 
vertigo,  slow  pulse,  con  vulsions,  stupor,  and  dromshtess,  and  most  important 
of  all  as  a  means  of  diagnosis,  optic  neuritis.  All  these  symptoms  are 
probably  due  to  increased  intracranial  pressure.  Optic  7ieuritis  depends 
not  so  much  upon  the  size  and  situation  of  the  tumour,  as  upon  the 
rapidity  of  its  growth.  There  are  three  views  as  to  the  causation  of 
optic  neuritis,  viz.,  (l)  that  it  is  due  to  irritation  and  inflammation  of 
the  sheath  of  the  optic  nerve,  jiroduced  either  by  irritation  arising 
from  substances  contained  in  the  cerebro-spinal  fluid  of  the  sheath  of 
the  optic  nerve,  or  by  direct  extension  of  meningitis ;  (2)  that  it  is 
due  to  obstruction  of  the  outflow  of  the  venous  blood  from  the  oph- 
thalmic vein  owing  to  the  increased  pressure  on  the  cavernous  sinus  ; 
but  this  theory  of  von  Graefe  has  been  discounted  by  the  fact  that  a  free 
anastomosis  occurs  between  the  ophthalmic  and  facial  veins ;  (3)  that 
the  intracranial  pressure  interferes  with  the  return  of  lymph  along  the 
sheath  of  the  optic  nerve,  causing  oedema  and  swelling  of  the  disc. 
Gowers  inclines  to  the  opinion  that  a  combination  of  causes  may  be 
in  operation.  No  doubt  simple  stasis  in  the  veins  would  soon  be 
followed  by  exudation  and  migration  of  leucocytes  and  all  the  appear- 
ances of  inflammation  might  thereby  be  produced.    In  many  cases 
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of  tumour  an  amjiullary  swelling  has  been  observed  where  the  sheath 
is  weak  at  the  entrance  to  the  eyeball. 

RcgioudI  or  Jhral  xi/mplonLi  are  caused  either  by  direct  or  indirect 
involvement  of  structures  possessing  particular  functions.  The  morbid 
process  may  occasion  phenomena  of  an  im7«//Ve  character,  t'.g.,  a  tumour 
situated  in  some  part  of  the  Rolandic  region  may  produce  unilateral 
convulsions  :  or  it  may  be  destructive,  and  produce  loss  of  function 
(paralysis)  (Fig.  302). 

Syringomyelia. 

This  is  a  central  gliosis  of  the  spinal  cord  causing  destruction  of 
the  grey  matter  and  excavation.  The  usual  seat  is  around  the  central 
canal  in  the  peri-ependijmal  tissue,  or  behind  the  canal,  in  the  grey 
substance  of  the  posterior  commissure  (Fig.  321);  thence  it  invades 
the  anterior  and  posterior  horns.  It  is  usually  a  neoplastic  formation, 
but  according  to  Charcot  it  may  arise  from  a  central  myelitis.  The 
cause  of  this  active  growth  of  embryonic  tissue  is  unknown.  The 
resulting  symptoms  are  musctdar  wasting,  and  loss  of  sensation  to  heal  and 
cold,  and  painful  impressions,  but  preservation  of  sen.se  of  touch.  This 
scnsorij  dissociation  is  peculiarly  characteristic  of  the  disease,  and  goes 
to  prove  that  SchifF  was  right  in  asserting  that  the  grey  matter  con- 
ducts painful  sensations,  and  the  posterior  columns  tactile  and 
muscular  sense-impressions.  The  destruction  of  the  anterior  horns 
produces  the  muscular  wasting,  while  that  of  the  posterior  horns  the 
sensory  disturbance,  and,  possibltf,  the  trophic  affections  that  often 
occur.  Of  course  the  distribution  of  the  motor,  sensory,  and  trophic 
changes  will  depend  entirely  upon  the  segments  of  the  spinal  cord 
affected.  There  may  be  unilateral  destruction  of  anterior  and  pos- 
terior horns  of  the  same  side  ;  and  this  has  been  found  associated 
with  motor  paralysis  and  sensory  disturbance  of  the  same  limb  or 
side  of  the  body. 

DISSEMmATED  CEREBRO-SPHNTAL  SCLEROSIS. 

Insular  Sclerojds ;  Midtiple  Sclerosis. — This  very  obscure  disease  is 
■characterised  by  vaiying  symjjtoms  due  to  the  formation  of  islands  of 
sclerosis  .scattered  at  random  in  the  brain,  spinal  cord,  and  cranial  nerves. 
It  usually  attacks  healthy  young  adults  of  both  sexes,  and  nearly 
always  occurs  between  puberty  and  middle  life.  Many  morbid  in- 
fluences have  been  associated  with  the  disease,  e.g.,  grief,  worry,  and 
overwork.  As  a  considerable  number  of  cases  have  followed  an  acute 
specific  fever,  it. has  been  conjectured  that  the  disease  is  the  result  of 
a  toxin. 

Morbid  Anatomy. — Scattered  at  random  through  the  brain,  s])inal 
cord  and  nerves  are  islets  of  sclerosi.i  vnrying  in  size  from  a  hemp-seed  to 
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a  walnut.  The  naked  eye  appearance  of  these  patches  varies  at  different 
stages  of  the  disease.  In  the  early  stage,  the  morbid  process  only 
becomes  a))parent  after  the  tissue  has  been  hardened  in  Miiller's  fluid 
for  a  few  days,  and  doubtless  t^is  may  account  for  some  of  those  cases 
which  have  been  confounded  with  hysteria,  owing  to  the  absence  of 
any  i-ecognisable  lesion  on  the  post-mortem  table.  In  the  advanced 
stage  the  islets  closely  resemble  gliomata,  and  present  a  greyish 
gelatinous  appearance,  offering,  therefore,  a  marked  contrast  to  the 
surrounding  white  matter,  in  which  they  are  usually  situated.  Occa- 
sionally the  process  extends  to  the  grey  matter  of  the  cord  and 
medulla,  but  very  seldom  to  the  cerebral  cortex.    The  term  sclerosis, 


Fk;.  31 1. — Insular  Sclerosis.  A  Small  Portion  of  the  Edge  of  an  Island 
of  Sclerosis.  The  section  shows  overgrowth  of  the  neuroglia- 
tissne  at  the  e.xpense  of  the  white  myelin-sheath.  The  neuroglia 
stains  deeply  with  carmine.  Numbers  of  black  dots  are  observable 
in  the  neuroglia  ;  these  are  sections  of  naked  axis-cylinder-pro- 
cesses, their  myelin-sheath  having  disappeared.  There  are  some 
empty  spaces  in  the  section,  but  these  are  in  all  probability  acci- 
dental.   X  180. 

however,  is  a  misnomer,  as  the  patches  are  usually  softer  than  the 
surrounding  tissue.  The  patches  of  sclerosis  are  largest  in  the  centrum 
ovale,  but  most  abundant  and  smallest  in  the  spinal  cord,  although  in 
some  cases  they  may  extend  in  a  fusiform  manner  for  a  considerable 
distance. 

Histologi). — The  islets  consist  of  a  feltwork  of  neuroglia,  in  the 
meshes  of  which  are  a  gi'eatly  diminished  number  of  nerve  fibres, 
presenting  for  the  most  part  morbid  appearances  especially  affecting 
the  myelin  sheath  ;  at  the  edges  of  the  patch  a  gradual  transition  into 
normal  tissue  can  be  observed.  Where  the  process  is  seen  in  an  eai-ly 
stage,  there  are  dilated  vessels  surrounded  with  leucocytes  ;  and  it 
may  be  asked  :  Is  this  an  inflammatory  reaction  due  to  a  toxin  in  the 
blood,  or  is  it  only  the  reaction  to  injury  of  the  myelin-sheath  of  the 
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Fig.  312. — //  Series  of  Sec/ ions  of  the  Spinal  Cord.  I  Jrawnto  scale  from 
Cases  of  ( I. )  Disseminalcd  Sclerosis  and  (II.)  .Syringomyelia.  I'repai-a- 
tioiis  and  drawings  made  by  .\.  F.  Trcdgold.  Path.  Lab.  of  the 
London  C"ounty  .\syluni. 
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nerve-fibres  ?  It  has  long  been  held  that  although  the  medullary 
sheath  is  undoubtedly  absent^  the  axis-cylinders  jjersist  unchanged 
throughout  the  islet ;  only  in  tills  way  can  we  account  for  the  fact  that 
ax  a  rule  xijsleniic  degenerations  are  absent  above  and  below  the  patches. 
But  cases  do  occur  in  which  the  axis-cyhnders  also  show  well-marked 
changes  and  in  which  they,  as  well  as  the  sheath,  are  undoubtedly 
absent  in  the  sclei'osed  area.  The  moi'bid  process  appears  to  begin 
in  the  myelin-sheath  which  swells  up  and  eventually  disappears,  its 
place  being  occupied  by  the  proliferated  neuroglia-tissue.  When 
systemic  degeneration  occurs  it  is  usually  in  the  crossed  pja-amidal 
tracts  that  it  commences.  The  chai-acteristic  rhythmical  tremors 
upon  intentional  movements,  have  been  conjectured  to  be  due  to  the 
absence  of  the  myelin-sheath,  so  that  voluntary  impulses  are  not 
insulated  in  their  passage  along  the  pyramidal  tract. 

Syphilitic  disease  of  vessels  may  produce  single  or  multiple  patches 
of  softening  with  secondarij  sclerosis ;  but  should  these  foci  of  disease 
be  situated  in  the  course  of  projection-systems  secondary  degeneration 
invariably  results. 

Cerebral  Aneurysm. — The  causes  of  aneurysm  of  the  cerebral 
arteries  are  the  same  as  of  aneurysm  elsewhere — viz.,  syphilitic  arteritis 
and  atheroma,  but  besides  them  an  even  more  important  factor  is 
infective  embolism.  The  aiieries  of  the  base  are  especially  prone  to  be 
affected,  and  the  size  of  the  aneurysm  may  vary  from  a  pea  to  that  of 
a  pigeon's  egg.  The  arteries  of  the  left  side  are  more  often  affected 
than  the  right,  the  carotid  system  more  often  than  the  vertebral- 
Rupture  occurs  in  rather  more  than  one-half  of  the  cases  ;  the  blood 
most  frequently  escapes  into  the  membranes  at  the  base  of  the  brain, 
sometimes  into  the  brain-substance  or  the  venti'icle  (Fig.  303). 

SYPHILITIC  DISEASE  OF  THE  CENTRAL 
NERVOUS  SYSTEM. 

Syphilis  is  one  of  the  most  important  factors  in  the  production  of 
disease  of  the  nervous  system.  The  virus  appears  to  act  in  two  ways, 
(1)  directly  upon  the  blood-vessels,  membranes,  and  connective-tissues  gener- 
ally, with  secondanj  destructive  changes  in  the  nervous  tissue — a  true 
spccijic  injlammation  ;  (2)  by  a  direct  injluence  upon  the  vitality  and  dura- 
bility of  the  neurones  themselves,  producing  systemic  degenerative  changes, 
of  which  tabes  dorsalis  and  general  paralysis  are  by  far  the  most  common 
and  important,  although  many  cases  of  ejiilepsy,  idiocy,  and  imbecility 
are  undoubtedly  due  to  the  sy])hilitic  jjoison.  These  are  spoken  of 
frequently  an  para-syphilitic  affections  (Fournier)  and  are  treated  of  else- 
where. A  frequent  result  of  the  disease  is  an  inflammation  of  the 
arteries,  especially  about  the  base.    The  specific  inflammation  causes 
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occlusion,  either  directly  by  tlie  viidttiicrilis  produced,  or  more  often 
by  secomlari)  l/ironibosix.  Anotlier  very  coinmon  result  of  syphilis  is  a 
local  or  general  injlavimalion  of  the  memhraiiex  (giaiuiialoux  meidiigilis), 
and  the  formation  of  neo-plastic  deposits  {st/plnlomata)  on  the  surface 
or  in  the  substance  ot  tlie  brain.  Eacli  of  tliese  cerel)ral  forms  of 
this  disease  may  produce  most  varied  symptoms.  Partial  or  complete 
occlusion  of  the  vessels  may  cut  off  the  blood  supply  from  various 
portions  of  tlie  brain,  causing  xojieiiliig  (p.  206)  and  loss  of  function 
(if  there  is  complete  occlusion),  and  disturbance  of  function, 
temporary  or  permanent,  according  as  there  is  compensatory  supply 
of  blood  to  the  part  by  other  vessels  or  not. 

Disease  of  the  arteries  may  exist  alone  without  any  symj)toms 
of  cerebral  imtaiion  or  increased  intracranial  pressure — conditions  whicii 
are  met  with  respectively  in  the  two  next  varieties.  When  the  mem- 
branes are  affected  by  the  inflanmiatory  process  the  vessels  are  gener- 
ally also  affected,  but  not  necessarily,  so  that  we  may  have  a  combination 
of  the  effects  of  cerebral  softening  and  vascular  occlusion  with  cortical 
irritation  or  cranial  nerve-paralysis  from  gummatous  meningitis.  The 
irritation-phenomena  are  pain  in  the  head,  worse  at  night,  sometimes 
vomiting  and  convulsions,  and  other  irritative  .symptoms,  according 
to  the  situation  of  the  lesion.  Owing  to  the  frequency  with  which  the 
base  of  the  brain  is  aff"ected,  paralysis  of  the  cranial  nerves  is  one  of  the 
most  common  results ;  a  partial  or  complete  paralysis  of  the  motor 
oculi  being  present  in  a  majority  of  the  cases  of  cerebral  syphilis.  The 
meningitis,  in  severe  cases,  e.\tends  usiuillj'  to  the  whole  ccrebro-sjnnal 
axis. 

Syphilitic  disease  of  the  nervous  system  may  manifest  itself  at  anj' 
time  from  three  months  after  infection  to  twenty-five  or  even  more  i/cars. 
It  was  formerly  believed  that  st/philitic  brain-disease  was  essentially  a 
tertiary  lesion,  but  recent  carefully  recorded  statistics  show  that  it 
occurs  with  greatest  frctjuency  in  the  first  or  second  years  after  infection,  and 
that  the  frequency  diminishes  with  each  successive  year.  The  deter- 
mining causes  of  cerebral  syphilis  maj-  be  blows  on  the  head,  exposure 
to  the  sun,  mental  excitement,  excesses  "in  Baccho  et  Venerc,"  chronic 
lead-poisoning,  and  lack  or  insufficiency  of  treatment.  Brain-disease 
may  also  arise  in  congenita]  syphilis. 

Morbid  Anatomy. — The  virus  of  syphilis  affects  the  mesoblastic 
structures  of  the  brain,  and  produces  a  roinid-celled  injiltration  of  the 
membranes,  which  may  form  a  superficial  colloidal  or  gelatinous  layer, 
or  a  deposit  in  the  form  of  a  node  or  nodule,  or  multiple  nodes  or  nodules  ; 
and  this  round-celled  infiltration  may  extend  from  the  surfiice  into  the 
substance  of  the  brain  along  the  course  of  the  vessels  or  into  the 
fissures,  filling  them  up  with  a  ginnmif  mass  (Fig.  313).  It  is  probable, 
as  Wilks  pointed  out,  that  gunnnata  do  not  begin  jirimarily  in  the 
substance  of  the  brain,  but  are  extensions  of  the  neo-plastic  forma- 
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tion  from  the  surface  along  the  vessels.  The  membranes  thus  affected 
appear  thickened  locally  or  generally,  the  condition  dejiending  upon 
the  age  of  the  process.  If  it  is  of  recent  origin  the  inflammatory 
deposit  may  be  soft  and  gelatinous,  or  greyish-red,  or  of  a  yellowish 
colour ;  if  of  some  standing,  the  inflammatory  process  may  have  gone 
on  to  the  formation  of  scar-tissue.  Should  the  granulation-tissue 
form  a  tumour  on  the  surface  or  in  the  substance  of  the  brain,  a 
gumma  as  distinguished  from  superficial  gummatous  meningitis  occurs. 
Gummatous  tumours  may  vary  in  size  from  a  clierry-stone  to  a  pigeon's 

egg  (P-  '^T^)- 


Fiu.  313. — Sec/ion  of  Gummatous  Mass  in  Sylvian  I'issurc,  showing 
almost  completely  obliterated  vessels,  recognisable  as  vessels  only 
by  the  elastic  coat,    x  70.    [Archives  of  Neurology,  \'o\.  x.) 

Gmnmata  are  particularly  common  about  the  base  of  the  brain,  in 
the  neighbourhood  of  the  optic  chiasma,  but  they  may  occur  in  any 
part,  and  may  even  involve  the  dura  mater  and  erode  the  skull,  pro- 
jecting through  externally. 

Naked-eije  appearance  of  the  arteries. — They  present  little  greyish- 
white  nodules  on  one  side  usually,  so  that,  when  cut  across  transversely, 
the  nodules  jiresent  a  half-moon  appearance.  The  vessels  themselves 
feel  stifi"  and  cartilaginous  between  tlie  fingei's,  and  will  not  collapse 
on  pressure.  When  there  is  universal  arteritis,  the  vessels,  small  as 
well  as  large,  appear  opaque,  dirty  white  in  colour,  and  their  walls 
thickened,  so  that  they  can  be  cut  easily  transversely,  owing  to  the 
resistance  they  offer.    The  vessels  about  the  base  are  particularly 
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liable  to  this  inflammatory  change  ;  possibly  it  is  due  to  tiie  cerebro- 
spinal fluid  which  exists  there  in  abundance,  and  which  possibly 
contains  the  toxin  (Fig.  HI  I). 

Microscopical  appvaraiicci. — Syphilitic  arteritis  (p.  .'J81)  is  cliarac- 
terised  by  proliferation  of  the  subendothelial  cells.  It  generally 
affects  one  side  of  the  vessel,  but  it  m.ay  affect  the  whole  of  the 
intima.  This  endarteritis  is  frequently  associated  with  a  periarteritis. 
The  inner  coat  is  thickened,  owing  to  a  development  of  spindle- 
shaped  and  stellate  cells.    According  to  Heubner,  these  do  not 


Fig.  314.  —  Transverse  Sec/icii  of  Basilar  Aruiy,  showing  extreme 
endarteritis  syphilitica,  causing  almost  complete  occlusion,  x  40. 
(Archives  of  Xeiirology,  vol.  i.) 


undergo  caseous  degeneration,  and  he  distinguishes  it  thus  from 
atheroma.  There  is  actually  nothing  specific  in  the  process,  but  it  is 
strong  presumptive  evidence  of  syphilis  when  one  finds  a  thickening 
of  the  intima,  which  has  not  undergone  caseation.  When  the  arteritis 
is  very  acute,  a  new  formation  of  capillaries  in  the  intima  may  take 
place. 

Thrombosis  of  the  diseased  vessel  is  frequent ;  subsequent  organisa- 
tion of  the  clot  may  occur,  and  eventually  the  diseased  vessel  may  be 
converted  into  a  fibrous  cord. 

Vascular  rupture  is  rare,  so  also  is  the  formation  of  aneurysm.  The 
important  clinical  result  of  endarteritis  syphilitica  is  cerebral  softening. 
The  arteriae  fossae  Sylvii  are  most  frequently  diseased,  so  syphilitic 
softening  of  the  brain  is  commoner  in  the  region  supplied  by  the 
middle  cerebral  arteries  than  elsewhere. 
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CEREBRAL  SOFTENING. 

Thrombosis  and  embolism  are  the  most  common  causes  of  cerebral 
softening. 

Softening  from  Thrombosis. — This  is  commonly  the  result  of 
atheromatous,  calcareous,  or  syphilitic  changes  in  the  cerebral 
arteries  (p.  450).    As  a  result  of  the  interference  with  the  supply  of 


Fig.  315. — Cerebral  so/te/i i iig  ihc  anterior  h:\lfofthc  internal  capsule, 
clue  to  s\'philitic  thrombosis,  from  a  case  diagnosed  as  epileptic 
dementia.  There  was  only  slight  paresis  of  the  right  side,  but  epileptic 
fits  indistinguishable  during  life  from  idiopathic  epilepsy. 

blood,  the  cerebral  substance  undergoes  a  more  or  less  rapid  process  of 
necrosis  (p.  13).    (Fig.  315.) 

Thrombosis  may  also  occur  in  the  cerebral  sinuses  and  veins. 
Thrombosis  of  a  sinus  may  be  primary  (marasmic,  p.  199))  or  it  may 
be  secondary  either  to  (I)  disease  of  some  adjacent  part,  such  as  of 
the  bone  in  inflanunation  of  the  middle  ear ;  or  (2)  to  extension  of  a 
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thrombus  along  a  vein— as  in  the  case  of  tlie  orbit  from  an  inflamed 
part  to  tlie  sinus  into  which  it  opens.  The  result  is  great  distension 
of  all  veins  opening  into  the  sinus,  a'dema  of  the  area  whence  they 
draw  their  blood,  minute  hiemorriiages,  especially  in  the  vascular 
cortex,  and  softening  from  imjjaired  nutriti<m  (Fig.  316). 

Softening  from  Embolism.  —  The  softening  resulting  from 
embolism  is,  f(n-  llic  most  part,  entirely  de]K'ndent  upon  the  obstruc- 
tion to  the  circulation  caused  by  the  embolus  and  by  the  resulting 
thrombosis.  It  is  rajiidly  induced,  and  is  often  attended  by  the 
extravasation  of  blood  in  its  neighbourhood,  when  it  constitutes  one 
foi-m  oi'  acuie  red  xofhiiiiig.    If  the  interference  with  the  circulation  be 


l'"iG.  316. — Photograph  oj  Brain  shelving  Area  of  Sojieiiing  around  the 
left  Sylvian  Fossa,  due  to  Embo  ism.  Case  of  Dr.  Ornierod's. 
Patient  two  years  before  her  death  had  a  fit,  became  ]jaral_vscd  on 
the  right  side;  could  not  speak,  but  could  understand  ever\  thing; 
lost  sight  of  the  left  eye.  Eighteen  months  later  had  right  hemiplegia, 
word  blindness,  motor  aphasia,  no  word  deafness  ;  owing  probablj' 
to  collateral  circulation  by  the  anterior  cerebral,  the  upper  part  of  the 
central  convolutions  is  not  destroyed,  therefore  the  hemiplegia  was 
due  to  soften'ng  of  the  internal  capsule.    (F.  Batten.) 

slight  and  there  be  no  extravasation  of  blood  the  softened  ])ortions 
are  white  in  colour.  The  vessel  most  frequently  blocked  is  the 
middle  cerebral  artery ;  and  in  the  majority  of  cases  it  is  that  of  the 
left  side.  In  almost  all  cases  in  which  softening  of  the  cerebral 
.substance  results  from  embolism  it  is  due  to  arrest  of  the  embolus  in 
one  of  the  vessels  beyond  the  circle  of  Willis,  because  here  the  circula- 
tion cannot  be  readily  restored  by  the  collateral  vessels.  Soflening, 
however,  does  not  necessarily  follow  the  blocking  of  a  cortical  arterj-, 
for  communication  between  these  branches  is  freer  than  is  often 
supposed  (Fig.  31 6). 

It  is  a  matter  of  considerable  imjiortance  whether  the  detached 
fragment  which  gives  rise  to  embolism  carries  infective  organisms. 
If  it  does,  not  only  is  the  vessel  blocked  by  the  embolus,  but  an 
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infective  inflammation  of  the  arterial  wall  at  the  seat  of  obstruction 
occurs  with  softening  of  the  coats  (p.  548),  and  formation  of  an 
aneurysm,  which  may  subsequently  burst :  so  that  a  patient  suffering 
from  ulcerative  endocarditis,  may  die  from  haemoiThage  a  short  time 
after  embolism  of  a  cerebral  artery. 

Morbid  Anatomy. — The  results  of  embolism  and  thrombosis 
are  essentially  the  same — the  arterial  blood  supply  is  cut  off,  and  there 
is  anaemia  of  the  area  sup])lied  by  the  artery.  For  the  first  twenty- 
four  hours  there  is  only  a  slight  change  in  the  appearance  and  consistence 
of  the  part,  although  the  neurones  may  show  microscopically  well- 
marked  histochemical  changes.  The  affected  area  has  generally  a 
pale  appearance  ;  sometimes  the  capillaries  may  become  distended  by 


Fig.  317. — Photograph  of  the  Cortex  Cerebri  showing  Red  Softe/iing  due 
to  Thrombosis  of  the  Great  Anastomotic  Vein  extending  into  the 
Longitudinal  Sinus.  The  gre_\-  matter  is  deeply  stained  owing  to 
effused  blood,  and  vascular  puncta  in  places  can  be  seen  ;  in  one  spot 
in  the  white  matter,  but  it  is  especially  the  cortical  grey  matter  which 
is  affected. 

a  backward  flow  of  blood  from  the  veins,  and,  giving  way,  produce 
small  haemorrhages  into  the  perivascular  lymjjhatics.  Later  on  the 
tissue  breaks  down  and  softens,  owing  to  imbibition  of  cerebro- 
spinal and  serous  fluids  by  the  dead  tissues.  When  very  little 
blood  returns  from  the  veins  to  the  capillaries  the  area  of  soften- 
ing remains  while ;  it  is  red  when  blood  does  return  from  the  veins, 
especially  when  the  walls  of  the  capillaries  give  way,  allowing  the 
red  corpuscles  to  escajie. 

Since  the  grey  matter  is  far  more  vascular  than  the  white,  red 
.softening  is  generally  seen  in  the  cortex  and  basal  ganglia.  Yellow 
soflening  is  merely  a  later  stage  of  the  red,  owing  to  alterations  in  the 
blood-jjigment. 

Microscopically,  the  softened  mass  consists  of  myelin-drops, 
swollen  and  degenerated  nerve-fibres,  altered  nerve-cells,  and  granular 
corpuscles  of  Gliige  with  free  fat-granules.  These  granular  corpuscles, 
which  may  measure  as  much  as  ,'50  fj.  in  diameter,  are  leucocytes 
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distended  with  fatty  debris.  If  tlie  eiroiilation  l)e  re-establislied  within 
a  short  time,  the  riervous  structures  do  not  necessarily  die ;  but 
regeneration  is  impossible,  if  necrosis  has  commenced.  Resorption  of 
the  dead  tissue  is  gradually  brought  about,  with  eventual  formation 
of  a  ci/sl.  If  the  area  is  small,  a  scar  of  fibrous  tissue  may  be  the  sole 
indication  of  the  destruction  that  has  taken  place.  The  convolutions 
of  the  cortex  may  sometimes  be  seen  atro])hied  and  sclerotic,  especially 
in  senile  atheroma  ;  and  on  tearing  off  the  thickened  pia-arachnoid 
they  present  little  erosions  of  a  rusty  yellow  colour.  Sometimes 
portions  of  the  convolutions,  or  even  a  whole  lobe,  may  have  entirely 
disappeared,  and  the  space  be  occupied  by  a  serous  fluid,  enclosed 
by  the  thickened  pia  ai-achnoid  membrane. 


CEREBRAL  HEMORRHAGE. 

Cerebral  haemorrhage  is  the  most  frequent  cause  of  hemiplegia  in 
subjects  who  have  passed  forty  ;  and,  according  to  Gowers,  it  seldom 
occurs  under  that  age,  unless  Bright's  disease  or  aneuiysm  exists ;  the 
latter  produced  by  infective  embolism,  and  subsequent  infective  inflam- 


FiG.  318. — Cerebral  Aneurysms.  Miliary  (right) ;  dissecting  (left),    x  10. 
(After  Obersleiner. ) 


mation  of  the  walls  of  the  artery,  which  may  eventually  lead  to  its 
rupture.  The  association  of  granular  contracted,  or  gouty  kidney 
with  apoplexy  has  long  been  recognised.  Charcot  showed  that  in 
most  cases  of  htemorrhage  minute  milianf  anem-ysms,  vary  ing  in  size 
from  in.  to  in.,  existed  on  the  small  vessels  entering  the 
substance  of  the  brain ;  they  are  round  or  spindle-shaped  and  are 
caused  by  degenerative  changes  in  the  intima,  associated  with 
degenerative  changes  and  atrophy  of  the  media.    Miliary  aneurj'sms 
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are  found  with  relative  frequency  in  those  regions  where  liaemorrhage 
is  most  generally  met  Avith.  There  is,  however,  one  artery  in  par- 
ticular, the  left  lenticulo-striate  artery,  which  is  especially  liable  to 
disease  and  rupture  and  which  has  therefore  been  called  "  the  arteiy 
of  haemorrhage"  (Fig.  320).  In  Bright's  disease  there  is  high  artei'ial 
tension,  due  to  hypertrophy  of  the  left  ventricle  and  inci-eased  peri- 
pheral resistance  (p.  501).    The  small  arteries  which  supply  the  basal 


Fig.  319. — Hmmorrhage  into  Pons  Varolii,  from  a  Case  of  chronic 
Bright's  Disease  with  Miliary  Aneurysms,  one  of  which  had  ruptured 
into  the  upper  part  of  the  Pons,  giving  rise  during  Hfe  to  alternate 
hemiplegia.  The  Pons,  lower  part  (a),  upper  part  is  seen  cut 
transversely  to  show  the  haemorrhage. 

ganglia  come  off  directly  at  right  angles  from  the  large  arteries  at 
the  base  of  the  brain — they  are  terminal  arteries,  and,  like  all  the 
intra-cerebral  vessels,  they  are  not  supported  by  the  substance  of  the 
brain,  being  surrounded  by  a  perivascular  lymphatic  sheath.  Probably 
these  facts  explain  the  frequency  of  hajmorrhage  in  this  situation. 
Haemorrhage  may  occur  in  the  cortex,  pons,  cerebellum,  centrum  ovale, 
peduncles  and  medulla  oblongata  (Fig.  319). 
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Otlier  conditions  which  jiredispose  to  cerebral  liaunorrhage  are 
phnnbisiu,  alcoholism,  syphilis,  and   inherited   tendency  to  arterial 


]'"lG.  320. — Diagram  to  show  the  distribution  of  the  Lenticulo-striatc 
Arteries,  coming  off  from  the  middle  cerebral,  riipUircofan  aneurysm, 
on  one  of  which  is  the  frequent  cause  of  apoplexy.  It  will  be  seen 
that  as  the  blood  effuses  and  lacerates  the  brain  tissue  to  escape  into 
the  lateral  ventricle  it  will  destroy  successively  the  axons  of  the 
cortical  pyramidal  neurones  as  they  descend  downwai  ds  to  the  motor 
nuclei  in  the  pons,  medulla,  and  cord,  giving  rise  thereby  to  hemi- 
plegia. 
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disease.  It  may  occur  also  in  tumours.  In  children  meiiiuseal 
hcemorrltagc  may  occur  and  a  frequent  cause  of  birth  palsies  is  rupture 
of  a  vessel  (usually  a  vein)  during  parturition.  Subpial,  subarachnoid, 
and  subdural  hsemorrhage,  is  frequently  seen  in  general  paralysis  and 
senile  dementia.  Cerebral  or  meningeal  haemorrhage  may  occur  in 
various  blood-diseases.  Primary  ventricular  haemorrhage  occurs  in 
rare  instances  from  rupture  of  a  vessel  of  the  choroid  plexus  or  velum 
interpositum. 

The  effects  produced  by  hiemorrhage  depend  upon  its  situation  and 
size ;  the  most  frequent  seat  is  the  anterior  part  of  the  opto-striate 
mass  in  the  external  capsule  ;  but  when  paralysis  occui-s,  as  it  usually 
does,  the  cause  is  damage  of  the  pyramidal  fibres  of  the  hinder  limb 
of  the  internal  capsule.  If  the  lesion  be  not  severe  enough  to 
cause  death,  various  changes  occur  in  the  effused  blood  and  damaged 
nerve-tissues.  For  the  first  few  days  the  clot  fills  the  whole  cavity, 
and  does  not  undergo  shrinking ;  then  a  granulo-fatty  degeneration 
takes  place,  with  absorption  of  the  products.  In  recent  cases  the 
effused  blood  is  dark,  in  colour,  genei'ally  clotted,  and  often  mingled 
with  lacerated  brain  substance.  As  changes  take  place  in  the  blood 
the  colour  alters  first  to  a  chocolate-brown  and  later  to  a  brownish- 
yellow.  The  haemorrhage  is  usually  single,  but  when  small  there  may 
be  more  than  one  ;  sometimes  evidence  of  a  previous  haemorrhage  is 
found  in  another  region,  in  the  form  of  a  cyst  with  orange-yellow 
staining  of  the  walls  and  adjacent  brain-substance  ;  or  there  may  be 
a  scar  of  comiective-tissue  formed. 

In  severe  cases  of  liaemorrhage  causing  death,  irruption  of  blood 
may  not  only  take  place  into  the  lateral  ventricle  of  the  same  side, 
but  also  through  the  foramen  of  Munro  into  the  opposite  lateral 
ventricle.  Occasionally,  it  may  find  its  way  from  the  third  ventricle 
through  the  aqueduct  of  Sylvius  into  the  fourth  ventricle  ;  and  in 
rare  cases,  thence  through  the  foramen  of  Magendie  into  the  sub- 
arachnoid space. 

Microscopical  examination  reveals  blood  and  degenerated 
nervous  tissue,  fibres  with  their  myelin  sheath  breaking  up,  granulation 
corpuscles,  degenerated  cells,  and  phagocytes  containing  products  of 
degeneration.  If  the  haemorrhage  is  more  than  a  few  Aveeks  old 
h{e7natoidiii-cvystH\s  will  be  found. 

SECONDARY  SYSTEMIC  DEGENERATIONS. 

As  a  result  of  destruction  of  brain-substance,  secondary  degene- 
rations arise,  the  most  characteristic  of  which  is  the  secondary 
descending  degeneration  arising  from  destruction  of  the  pyramidal 
cells  of  the  motor  area,  or  of  their  fibres  in  the  anterior  two-thirds  of 
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the  posterior  half  of  the  interna]  ca))sule,  such  as  occurs  in  cerebral 
hiemon-hage.  A  similar  degeneration  may  arise  as  a  result  of  softening 
due  to  embolism  or  thrombosis  of  the  middle  cerebral  artery  or  its 
branches  ;  by  meningeal  ha-morrhage  and  tumours,  or,  in  fact,  by  any 
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Fig.  321. — Diagnim  to  illustralc  the  Scnsori-mvfor  Xciirinics  concerned 
ill  Conscious  I  'olun/aiy  Movement. 

lesion  which  causes  destruction  of  the  pyramidal  cells  of  the  cortex  of 
the  central  convolutions,  or  which  cuts  off  the  connection  of  the  nerve 
fibres  from  the  cells  of  which  they  are  the  outgrowths  (Fig.  ,'520). 

As  a  rule,  cerebral  le.sionx  leading  to  secondary  degenerations  are 
unilateral,  and  spinal  are  Inlalcral.  In  the  former,  only  one  set  of 
pyramidal  fibres  is  degenerated  in  tile  s])inal  cord  -viz.,  those  pro- 
ceeding from  one  hemisphere  by  the  internal  capsule,  the  middle 
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portion  of  the  cnis  cerebri,  the  jjons  and  the  medulla,  where  the 
greater  number  decussate  in  the  anterior  pyramid  to  form  the  crossed 
pyramidal  tract  of  the  opposite  side  ; 
some  (about  one-tenth)  pass  in  the 
direct  tract  down  the  cord,  decussating 
at  lower  levels. 

Secondary  degenerations  arising 
from  lesions  of  the  spinal  cord  are,  in 
nearly  all  cases,  bilateral,  and  affect  not 
only  the  descending  tracts,  which  have 
their  centres  of  nutrition  in  the  cortex 
cerebri,  but  also  the  ascending  tracts, 
which  have  their  centres  of  nutrition 
in  the  posterior  spinal  ganglia  and  grey 
matter  of  the  cord.  The  ascending  and 
descending  ground  Jihres,  which  unite 
the  different  segments  of  the  crus,  pons, 
medulla,  and  cord  together  in  co-ordi- 
nate reflex  action,  degenerale  bothabove 
and  below  the  lesion  for  a  variable  dis- 
tance ;  and,  besides,  there  are  two  tracts 
in  the  posterior  column,  which  degene- 
rate downwards  in  transverse  lesions  of 
the  cord  in  the  dorsal  region  ;  they  are 
termed  respectively,  the  comma-shaped 
trad,  a.nA.  the  median  oval  area  of  Flechsig. 

The  ascending  degenerations 
come  under  two  classes. 

(1)  In  the  posteiior  columns. — Short, 
medium, and  long  coui'sing  fibres, having 
their  origin  in  the  central  portion  of 
the  T-shaped  process  of  the  posterior  spinal  ganglion  cells. 

The  short  fibres  form  Lissauer's  tract,  at  the  base  of  the  posterior 
horn  ;  the  medium  fibres  enter  the  jJostero-external  column,  and,  after 
a  short  course,  disappear  in  the  grey  matter ;  and  the  long  fibres,  after 
entering  the  posterior  column,  are  directed  backwards  and  towards  the 
median  line  to  form  the  posterior  median  (GoU's)  column.  Secondary 
degeneration  limited  to  the  posterior  column  indicates  a  root-lesion, 
such  as  from  tumour  of  the  cauda  equina,  or  injurj'  of  posterior  spinal 
roots  (Fig.  321). 

(2)  In  the  anlero-lalcral  column. — There  are  three  sets  of  fibres  occu- 
pying the  periphery.  They  all  arise  from  cells  in  the  grey  matter. 
One  tract  consisting  of  large  fibres  derived  from  the  cells  of  Clarke's 
column,  is  termed  the  direct  or  dorsal  cerebellar  tract.  Another,  con- 
sisting of  two  sets  of  fibres,  in  all  probability  arising  from  cells  of  the 


Fig.  322. — Dcsce?idi?ig  Degeneration 
in  the  Pyramidal  Tract  following 
Haemorrhage  into  the  Internal  Cap- 
siile.  The  direct  tract  is  well  marked 
and  is  represented  at  a  lower  level 
than  it.  is  usually  seen. 
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grey  matttr  of  tlie  opposite  horns,  tlu-  decussation  taking  j)lacc 
in  the  anterior  commissure,  has  several  names — viz.,  Ciowers"  tract, 
antero-lateral  tract,  and  vc.iilral  ci-rchcllar  tract,  because  most  of  the 
fibres  can  be  traced  by  a  curious  course  to  tlic  middle  lobe  of  the 
cerebellum.  The  less  numerous  fibres  enter  into  the  fillet,  and 
probably  end  at  the  corpora  (luadrigeniina. 

At  one  time  it  was  thought  that  all  sensory  impulses,  except  those 
of  the  muscular  sense,  decussated  immediately 
on  reaching  the  cord,  and  this  view  was  held 
because  in  most  cases  of  hemilesion  of  the  spinal 
cord  a  group  of  symptoms  occurs  termed  lirown- 
Sequard  paralynus,  which  briefly  is  hype  nest  hexia 
(1)1(1  para hj. lis  on  the  side  of  the  lesion,  and  (inces- 
thcsid  on  the  side  opposite  to  it.  Latterly  Brown- 
Sequard  gave  up  the  theory  of  immediate  decus- 
sation of  sensory  impulses,  but  maintained  justly 
that  as  a  means  of  diagnosis  the  Brown-Sequard 
phenomenon  was  most  valuable.  Hemisection 
of  the  spinal  cord  in  monkeys  and  other 
animals  is  followed  by  paralysis  on  the  side  of 


Fig.  323. — T/ie  Ascending 
Tracts  of  Degeneratio7i  in 
:hc  Cervical  Enlargement 
after  Experimental  Hemi- 
section of  the  Spinal  Cord 
ill  the  Mid-dorsal  Region. 
The  section  shows  well- 
marked  degeneration  of 


GoU's  column,  of  the  direct  the  lesion,  but  most  recent  observers  have  been 
cerebellar  tract  and  of  the  ^^^^^^j^  ^^^^^^  hyperesthesia  of  the  same 

antero-lateral  tracts  on  the  •'  ^ 

same  side  as  the  lesion.      side  or  anaesthesia  of  the  opposite  side  (Fig.  323). 


Fig.  ■ytjf.—Phologrupli  of  a  Local  Gummatous  Syphilitic  Meningitis 
which  caused  Paraplegia.  This.  howc\er,  must  bo  distinguished 
from  the  ^^eningo-myelitis  described  by  ICrb  as  occurring  frctjuently 
in  the  late  secondary  stage  of  sypliilis  which  is  not  of  a  gummatous 
nature.  Note  the  thick  walled  vessels.  The  patient  was  a  young 
woman  who  died  with  obscure  symptoms  which  somewhat  resembled 
disseminated  sclerosis  of  the  spinal  type.  Post  mortem  it  was  found 
that  she  had  multiple  syphilitic  lesions  of  the  brain  and  cord,    x  10. 
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The  common  causes  of  ascending  and  descending  secondary 
degenerations  of  tlie  spinal  cord  are  focal  lesions  produced  by  fracture 
of  the  bones  ;  fracture,  dislocation  (Fig.  325),  pachymeningitis  in  Pott's 
disease,  meningitis,  and  tumours,  all  of  which  cause  a /oca/ /rawwme 
mi/elilix  (Fig.  S2i). 

PRIMARY  SYSTEMIC  DEGEINTERATIONS. 

Primary  systemic  degenerations  may  affect  eitlier  the  ajf'ereiil 
sensory  paths  or  the  efferent  motor  paths,  and  not  infrequently  the 
two  combined. 

I.  DEGENERATION  OF  AFFERENT  TRACTS. 
Locomotor  Ataxy  or  Tabes  Dorsalis. 

Tabes  dorsalis  is  a  primary  progressive  degeneration  of  the  first 
afferent  (sensory)  projection  systems  of  neurones,  by  which  perijjheral 
sensations  are  cut  off  from  various  parts  of  the  central  nervous  system ; 
the  commonest  and  most  obvious  anatomical  change  being  degeneration  of 
the  posterior  spinal  roots  and  the  postenor  colnnins  of  the  spina/  cord.  The 
clinical  phenomena  characteristic  of  this  disease  depend  upon  the 
systems  of  neurones  Avhich  are  undergoing  degeneration,  and  on  the 
extent,  as  well  as  on  the  rapidity,  of  the  jjrocess. 

Morbid  Anatomy. — The  pia-arachnoid  is  thickened  over  the 
posterior  surface  of  the  cord,  which  is  flattened,  and  presents  a 
greyish  or  greyish-red  aspect;  moreover,  tlie  posterior  roots  are  thin, 
flattened,  and  atrophied,  although  the  degi'ee  of  wasting  is  not 
necessarily  uniform ;  they  also  present  a  grey  ajjpearance  like  the  pos- 
terior surface  of  the  cord.  The  cord,  cut  transversely,  shows  degenera- 
tion limited  to  the  posterior  columns,  which  are  considerably  shrunken, 
and  of  a  greyish  or  greyish-red  colour,  contrasting  strongly  with  the 
white  antero-lateral  columns.  This  degeneration  is  usually  much  more 
obvious  and  advanced  in  the  lumbo-sacral  region  ;  likewise  the  posterior 
roots  entering  into  the  formation  of  the  cauda  equina  are,  as  a  rule, 
atrophied  to  a  greater  degree  than  elsewhere- 

The  degenerative  process  is  not  limited  to  the  afferent  spinal  projec- 
tion-systems; various  cranial  nerves  may  be  degenerated,  and  especially 
characteristic  is  grey  atrophy  of  the  optic  nerve.  The  jjeripheral  nerves 
in  many  cases  exhibit  degenerative  changes. 

The  degeneration  of  the  posterior  colunnis  of  the  spinal  cord  is 
a  si/slem-degene ration  of  exogenous  origin  precisehf  similar  in  anatomical 
distribution  to  that  produced  by  section  of  the  posterior  roots;  or,  in  the 
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Fig.  325. —  4  Scries  of  Sections  of  the  Spinal  Cord.  Drawn  to  scale  from  cases 
of  (I.)  Tabes  Uorsalis and  ( 1 1.)  Transverse  Lesion,  due  to  fractured  spine.  In 
the  former  the  degeneration  is  limited  to  the  e.xogenous  tracts  of  the  posterior 
columns  of  ihe  spin-il  cord  ;  in  the  latter  there  is  ascending  degeneration 
above  and  descending  below  the  lesion.  Preparations  and  drawings  made 
by  .\.  1"'.  Trcdgold,  Path.  Lab.  London  Count}' .Asylums. 


DEGENERATION  OF  AFFERENT  TRACTS 


-)6.s 


case  of  the  lumbo-sacral  region,  to  that  produced  by  a  tumour  of  the 
roots  of  the  cauda  equina.  The  fibres  of  the  posterior  columns  are 
derived  from  two  sources  :  (l)  Exogenous  central  projections  of  tlie 
T-shaped  processes  of  the  nerve-cells  of  the  posterior  spinal  ganglia  ; 
(2)  endogenous  projections  from  cells  of  the  grey  matter  of  the  cord  : 
the  former  are  degenerated  in  tabes,  the 
latter  are  not ;  consequently  in  the 
lower  lumbar  region  of  the  cord,  a  small 
oval  area  of  undegenerated  fibres  may 
be  seen,  even  in  advanced  tabes,  oc- 
cupying the  median  portion  of  tlie 
posterior  column  also  a  tract  of  fibi'es, 
the  cornu  commissural  (Fig.  325).  Now, 
it  is  impossible  to  conceive  that  vas- 
cular changes,  or  impaired  nutrition 
owing  to  an  insufficient  supply  of  blood, 
could  produce  in  such  a  small  area  as 
the  postei'ior  columns  of  the  spinal  cord 
a  degeneration  of  the  fibres  of  exoge- 
nous origin,  sparing  those  of  endogenou$ 
origin  and  the  adjacent  fibres  of  the 
lateral  column.  Neither  can  we  believe 
that  the  overgrowth  of  neuroglia-tissue 
at  the  expense  of  the  noble  elements 
is  anything  more  than  secondary  and 
jiroportional  to  the  parenchymatous 
degeneration. 

A  poison  long  present  in  the  system 
can  so  lower  the  vitality  of  the  cells  of 
the  body  as  to  induce  premature  decay. 
In  a  majority  of  the  cases  of  tabes  there 
is  a  history  of  syphilis ;  it  is  probable 
that  this  toxin  produces  the  decay  of  the 
jiosterior  spinal  neurones. 

The  changes  in  the  cord  are  usually 
more  or  less  symmetrical ;  but  the  pos- 
terior roots  are  not  always  equally 
affected,  and  the  localisation  and  extent 
of  the  spinal  degeneration  will  vary 
accordingly  (Fig.  328).  As  a  rule  the 
lumbar  roots  are  first  affected;  but  in 


Fig.  326. — Section  of  Spinal  Cord 
about  the  eighth  Dorsal  Segment 
from  a  Case  of  Locomotor  Ataxy. 
There  is  sclerosis  of  tlie  postero- 
external column  and  atrophy  of  the 
fine  plexus  of  nerve-fibrils  surround- 
ing the  cells  of  Clarke's  column  ; 
moreover,  a  band  of  sclerosis  is  seen 
entering  the  column  instead  of  the 
bundle  of  nerve-fibres.  The  cells 
themselves  are  atrophied  and  their 
processes  destroyed.  The  patient 
had  well-marked  visceral  symptoms 
— g.astric  crises,  bladder-troubles, 
and  laryngeal  crises — in  addition  to 
the  ordinary  ataxic  symptoms. 
X  100  diameters. 

rare  cases  the  mischief  may 
begin  in  the  cervical  region  and  leave  the  lumbo-sacral  intact.  Such 
cases  are  termed  '•'  ann  tabes."  Visual  defects  and  blindness  are  not 
at  all  uncommon,  due  to  a  grey  degeneration  of  the  optic  nerve.  The 
cranial  nerves  and  their  nuclei  may  also  be  affected. 
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Certain  tracts  in  the  posterior  eolunni  dej^enerat*'  earlier  tlian 
others.  C/ifircol'x  rool-::oiic  is  very  early  tiie  seat  of  degeneration.  'I'lie 
fibres  of  (io/l'x  coliniiii  are  nearly  always  degenerated.  The  .;o//e.v  of 
IJxxdiH-r — the  fine  fibres  which  form  a  cap  to  the  extremity  of  the 
jjosterior  horn,  extending  a  short  distance  along  the  external  and 
internal  borders  of  it — degenerate  and  disappear  in  the  early  stages 
of  tabes.  Another  situation  in  which  early  degeneration  is  said  to 
occur  is  the  terminal  arborisation  of  the  root  fii)res  around  the  cells 


Fig.  327. — Photomicrograph  Section  of  Lumbar  Enlargement  of  Spinal 
Cord  in  a  case  of  verv  advanced  Tabes,  showing  extreme  sclerosis  of 
posterior  columns.  There  is  complete  atrophy  of  all  the  fibres  e.vcept 
in  the  median  oval  area  of  Flechsig.     >;  10. 

of  Clark's  colimm.  Certain  grou])s  of  fibres  enjoy  a  particular  im- 
munity, and  can  be  seen  intact  when  all  the  rest  of  the  posterior 
column  is  sclerosed  :  («)  the  median  oval  area  of  Flechsig ;  (6)  cornu 
commissural  bundle ;  (c)  the  posterior  internal  triangle ;  but  this, 
group  does  not  offer  the  same  resistance  as  the  other  two,  which 
are  certainly  of  endogenous  origin.  The  situation  of  the  degenera- 
tions are  indicated  in  Figs.  325,  .'526'  and  .'?27. 

Changes  are  very  often  present  in  the  cutaneous  nerves,  and  in 
long-standing  cases  a  ]iortion  of  the  muscular  nerves  are  sclerosed. 
In  cases  exhibiting  bone  disease  the  nerves  supplying  the  bone  have 
been  found  degenerated,  and,  in  the  iieighboiu'hood  of  a  perforating^ 
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ulcer  and  similar  trophic  disturbances,  extensive  degeneration  of  the 
nerves  has  been  observed.  Tlie  degeneration  of  the  nerves  is  more 
marked  at  the  periphery,  and  the  nearer  centrally  the  nerve  is 
examined  the  fewer  degenerated  fibi'es  are  there  found.  Slight 
changes  in  the  cerebral  cortex  have  been  desci-ibed,  corresjjonding 
to  those  of  general  paralysis,  but  less  in  degree. 

Tlie  Nature  of  the  Degeneration. — Microscopical  examination 
of  the  sjiinal  cord  shows  the  myelin-sheath  of  the  nerve  fibres  dimin- 
ished or  destroyed  ;  the  axis-cylinder-process  may  be  swollen  in  one 
place,  attenuated  in  another,  and  generally  irregular  in  thickness  or 

I  ■  :  ..  -n 


Fig.  328. — Photomicrograph  of  Section  of  Anterior  and  Posterior  Root 
close  to  the  Ganglion,  showing  the  small  anterior  root  with  medul- 
lated  fibres  normal,  and  the  sclerosed  posterior  root  much  larger  in 
size,  but  almost  denuded  of  niedullated  fibres  ;  there  is,  however,  a 
great  overgrowth  of  fibrous  tissue  around  and  between  the  con- 
stituent bundles,     x  30. 

comj)letely  atrophied ;  the  neuroglia  is  increased  at  the  expense  of 
the  parenchyma,  and  there  are  a  large  number  of  Deiter's  cells  visible 
Nearly  the  whole  of  the  posterior  columns  in  the  lumbo-sacral  region 
may  be  destroyed,  leaving  only  the  cornu-commissural  and  oval  areas 
of  endogenous  fibres.  The  vessels  are  often  thickened  in  the  sclerosed 
area,  and  not  elsewhere  ;  this  change  is  secondary  to  the  degeneration 
and  not  causal.  The  walls  of  the  arteries  are  often  thickened,  and 
there  is  hyaline  degeneration  of  the  media ;  sometimes  the  vessels 
are  so  much  tliickened  by  this  degenerative  process  as  to  become 
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almost  obliterated,  espeeially  when  the  sclerosis  is  advanced.  The  pia- 
araehnoid  membrane  is  also  thickened,  and  often  presents  the  aj)pear- 
ances  of  chronic  inflammation.  By  some  authorities  this  meningeal 
thickening  about  the  entrance  of  the  posterior  roots  has  been  considered 
to  have  a  causal  relation  to  the  atrophy  of  the  fibres  in  the  cord.  That 
tabes  is  a  widespread  process  of  degeneration,  primary  in  origin,  and 
not  secondary  to  vascular  change  or  meningitis,  is  shown  by  the  fact 
that  the  vessels  of  the  retina  are  unaltered,  even  in  advanced  grey 
atrophy. 

As  a  rule  changes  in  the  posterior  sjnnal  ganglion  cells  are  not 
ob\ious,  but  they  may  be  shrunken  and  pigmented,  and  exhibit 
chroniolytic  changes  in  advanced  cases. 

Pathology. — Reference  to  the  diagram  (Fig.  321)  will  help  to 
explain  some  of  the  phenomena  of  tabes,  namely,  the  dimmulion  of 
tonus  in  the  muscles,  the  inco-drdination,  the  absence  of  the  knee-jerk,  tlie 
ataxic  gait,  Romberg  s  sym-ptom,  and  the  various  disturbances  of  sensation. 

The  afferent  system  of  neurones  conveys  sensations  from  the  skin, 
the  muscles,  tendons,  and  joints,  and  these  sensations  travel  b_v  three 
sets  of  fibres:  (1)  Short,  forming  the  spinal  reflex  arc;  (2)  Medium 
length  fibres,  which  break  up  into  a  brushwork  around  the  cells  of 
Clarke's  column,  the  axis  cylinder  processes  of  which  form  the  direct 
cerebellar  tract ;  (3)  Low^^^Sre-.v,  which  form  Goll's  column  and  break 
up  into  a  terminal  arborisation  around  the  cells  of  the  nucleus  gracilis. 
There  are  thus  three  nervous  circles — spinal  reflex,  cerebellar,  and  cerebral 
—all  of  which,  in  tabes,  ai-e  more  or  less  interrupted  by  the  degeneration 
of  the  fibres  in  the  posterior  column.  The  true  motor  neurone,  which 
controls  the  muscle,  is  situated  in  the  anterior  hoi-n.  We  know  that  in 
tabes  this  is  unaffected,  therefore  the  muscle  does  not  waste  ;  nor  is 
there,  except  in  the  late  stages,  any  paralysis  or  loss  of  strength  of 
voluntary  movement,  but  incoordination  and  a  loss  of  tonus.  This  is 
due,  like  the  loss  of  myotatic  irritability  and  the  consequent  absence  cf 
the  knee-jerk,  to  the  break  in  the  reflex  spinal  arc,  occasioned  by  the 
degeneration  of  the  spinal  roots  and  of  those  fibres  which  run  forward 
through  the  root  and  the  base  of  the  posterior  horn,  terminating  in  an 
arborisation  around  the  anterior  horn  cells.  By  this  degeneration  the 
motor  neurones  in  tabes  are  deprived  of  the  normal  stimuli  which  serve 
to  maintain  the  reflex  spinal  tonus  and  myotatic  irritability. 

F'or  the  maintenance  of  bodily  equilibrium  in  the  ei'ect  posture, 
while  standing  or  during  the  successive  changes  that  occur  in  the  trunk 
and  limbs  in  progression,  a  proper  adjustment  in  the  contraction  of 
correlative  antagonistic  muscles  is  necessary.  In  standing  erect  the 
joints  are  fixed  by  the  tonic  contraction  of  the  antagonistic  muscles  of 
the  lower  limbs.  The  motor  neurones  of  the  anterior  horn  which  jjrcside 
over  the  musc'es  are  excited  by  impulses  from  the  pcri|)lu  ry.  Unequal 
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and  imperfect  transmission  of  sensory  impulses  will  lead  to  unequal  and 
imperfect  excitation  of  those  motor  neurones^  and  to  a  corresponding 
unequal  and  imperfect  innervation  of  the  muscles  whereby  their  normal 
equable  tonic  contraction  is  disturbed  and  lowered.  Seeing  that  in  tabes 
there  is  a  progressive  degeneration  of  the  afferent  spinal  neurones,  we 
can  easily  understand  that  there  will  be  a  progressively  lowered  and 
unequal  tonus  in  the  muscles. 

Again,  the  degeneration  of  the  fine  plexus  around  the  cells  of 
Clarke's  column,  met  with  early  in  the  disease,  is  sufficient  to  explain 
the  loss  of  power  of  balancing  the  body  when  the  basis  of  support  is 
narrowed  by  placing  the  feet  together  or  standing  on  one  foot,  even 
though  there  is  no  paraesthesia  of  the  soles  of  the  feet.  Reference  to 
Fig.  321  shows  that  atrophy  of  this  fine  plexus  leads  to  interruption  of 
the  sensory  afferent  impulses  to  the  cerebellum,  and  puts  this  organ, 
which  is  concerned  in  maintaining  bodily  equilibrium  in  the  erect 
posture,  at  a  great  disadvantage.  On  closing  the  eyes  another  guiding 
sensation  is  removed  and  the  instability  is  increased. 

The  lightning  pains  may  be  explained  by  the  degeneration  of  the 
root  fibres  ;  but  the  paroxysmal  character  is  difficult  to  understand. 
The  partial  anaesthesia  may  be  accounted  for  by  the  partial  degenera- 
tion of  the  roots.  Sherrington  has  shoAvn  that  >it  least  three  roots 
overlap  one  another  in  a  skin  area,  and  in  order  to  produce  complete 
loss  of  sensation  in  a  part  all  three  roots  must  be  divided.  If  there  is 
l)ronounced  analgesia  or  anaethesia  the  peripheral  nerves  are  probably 
affected.  With  regard  to  the  visceral  crises  nothing  is  definitely  known. 

The  Argyll- Robertson  pupil  is  the  most  constant  objective  symptom 
of  tabes,  as  it  is  of  general  paralysis.  No  very  definite  anatomical  facts 
have  been  brought  forward  to  explain  this  remarkable  phenomenon ; 
but  it  is  asserted  that  it  is  due  to  a  break  in  the  junction  between  the 
terminal  arborisation  of  optic  nerve  fibres  in  the  corpora  quadrigemina 
and  the  dendrites  of  the  sphincter  iridis  nucleus. 

Friedreich's  Disease. 

Fnedreiclis  disease,  or  hereditari/  ataxy,  is  a  rare  disease  afFectmg 
several  members  of  the  same  family,  the  great  majority  of  cases 
beginning  between  the  fifth  and  fifteenth  years.  It  is  unconnected 
with  hereditary  syphilis. 

Morbid  Anatomy. — There  is  degenerative  atrophy  and  sclerosis  of 
the  posterior  columns  and  posterior  roots,  but  less  marked  than  in 
tabes  ;  in  addition  the  lateral  columns  are  affected.  Frequently  there 
is  atrophy  of  the  cells  of  Clarke's  column  and  sclerosis  of  the  direct 
cerebellar  tracts.  Lissauer's  tracts,  which  are  always  affected  in 
tabes  are  in  this  disease  usually  unchanged.  The  aff'ection  of  the  cere- 
bellar tracts  is  of  interest  in  connection  with  the  typical  reeling  gait. 


1.  II. 

IG.  329. — A  Series  of  Sections  of  lite  Spinal  Cord.  Drawn  lo  scale  from  cases  of 
(I.)  Amyotrophic  Lateral  Sclerosis  and  (II.)  combined  Sclerosis  of  GraveAna?- 
mla.  In  the  former  there  is  atrophy  of  the  anterior  horn-cells  and  degeneration 
of  the  direct  and  crossed  pyramidal  tracts  ;  in  the  latter  there  is  degeneration 
(if  all  the  long  afferent  and  efferent  tracts  of  the  cord.  Preparation  and 
drawings  made  by  A.  V.  'I'redgold,  Path.  Lab.  London  County  Asylums. 
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Combined  Scleroses. 

.lluxic  paraplegia  is  a  disease  in  whicli  there  is  a  combination  of 
the  sijmploms  of  lateral  sclerosis  and  of  ataxy.  Little  or  nothing  is 
known  as  to  the  cause  of  the  disease. 

Morbid  Anaiomi), — The  appearances  of  degenerative  atrophy  in  the 
posterior  coknnns  of  the  cord  closely  resemble  those  of  tabes ;  but 
the  lateral  columns  are  also  affected,  especially  the  crossed  pyramidal 
tracts.  The  combined  sclerosis  in  these  regions  quite  accounts  for  the 
combination  of  symptoms  peculiar  to  this  disease.  There  is  usually 
no  history  of  syphilis,  and  the  Argj'^ll-Robertson  pupil  is,  as  a  rule, 
absent. 

In  pellagra,  pernicious  ancemia,  and  certain  grave  forms  of  amemia 
a  degenerative  atrophy  and  sclerosis  of  the  posterior  and  lateral 
columns  may  occur.  All  the  long  tracts  of  the  sjiinal  cord  may  be 
affected  (Fig.  329). 

II.  DEGENERATION  OF  EFFERENT  TRACTS. 

Primary  Lateral  Sclerosis. 

Primai-y  lateral  sclerosis — termed  "  idiopathic,"  when  there  is  no 
local  disease  affecting  the  jjath  of  the  pyramidal  fibres  from  the 


Figs.  330  and  331. — Anterior  Coniufroiii  a  Case  of  Polio-myelitis,  show- 
ing Atrophy  of  the  Ganglion-Cells.  For  comparison  the  appearance 
of  a  healthy  anterior  cornu  is  shown.  The  small  black  triangles 
represent  the  cells  as  they  appear  under  a  low  magnification. 


cortex — is  in  all  probability  due  either  to  a  j)rocess  of  softening  from 
vascular  occlusion,  or  retrogressive  nutritional  changes  in  the  cells  of 
the  cortex  of  the  motor  area  by  wh  cli  the  pijramidal  tracts  degenerate. 
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Progressive  muscular  atrophy  and  amyotrophic  lateral 
sclerosis  are  probably  one  and  tlit-  same  disease.  In  tlie  former,  the 
more  common,  the  degeneration  commences  in  the  lower  segment  of 
the  motor  j>ath,  and  tlie^  primary  change  is  in  the  anterior  horn-cells 
(Figs.  330  and  331)  ;  but  sooner  or  later  the  upper  pyramidal  segment 
of  the  motor  path  is  affected. 

Morbid  Anatomy. — Examination  of  the  spinal  cord  exhibits 
degenerative  atrophy  and  sclerosis  of  the  crossed  pyramidal  tracts 
and  the  anterior  root-zone  (Figs.  329-333).  The  grey  matter  of  the 
anterior  horns  is  wasted  and  greatly  deficient  in  fibres  and  cells.  The 
large  multipolar  cells  that  remain  are  shrunken,  and  their  processes 


Fig.  332. — Pholo-microgmph  of  a  Section  of  the  Cervical  Spinal  Cord from 
a  Case  of  A  myoirophic  Lateral  Sclerosis.  Degeneration  of  the  crossed 
pyramidal  and  direct  tracts  and  the  antero-lateral  ground  fibres. 
The  direct  cerebellar  tracts,  tlie  antero-lateral  ascending  tracts,  and 
especially  the  posterior  columns  are  unaffected.  There  was  almost 
complete  absence  of  cells  and  fine  nerve-fibre-reticulum  in  the 
anterior  horns  ;  this  is  observable  by  the  difference  in  colour  as 
compared  with  the  posterior  horns. 

broken  olF :  in  some  cases  only  a  little  mass  of  pigment  remains. 
The  glia-tissue  is  increased,  and  Deiter's  cells  are  very  numerous.  The 
regions  of  the  cord  affected  vary  in  different  types  of  cases,  e.g.,  when 
the  small  muscles  of  the  hand  are  atrophied  the  anterior  horns  are 
atrophied  in  the  lower  cervical  and  upper  dorsal  regions.  In  the 
amyotrophic  form  the  process  commences  in  the  upper  pyramidal 
segment  of  the  motor  path.  There  are,  therefore,  exaggerated  deej) 
reflexes,  accompanied  or  followed  by  a  progressive  and  characteristic 
wasting  of  groups  of  muscles,  owing  to  degeneration  of  the  anterior 
hoi'n  (Figs.  330  and  331).  The  peripheral  nerve-fibres  corresponding 
to  the  atrophied  spinal  motor  neurones  are  atrophied  (Fig.  334).  The 
muscles  are  much  wasted,  and  in  extreme  cases  can  hardly  be  distin- 
guished from  the  surrounding  fat ;  but  in  slight  cases  they  are  only 
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pale.  Examined  microscopicall)^  the  fibres  are  seen  to  have  lost  their 
striation.  and  many  show  fatty  defeneration. 


Fig.  333. — The  same  as  previous  figure,  except  that  the  section  is  of 
the  seventh  to  eighth  dorsal  segments.  The  pyramidal  tracts  are 
sclerosed,  and  there  is  considerable  degeneration  in  the  intermedio- 
lateral  tract. 

These  cases  of  amyotrophic  lateral  sclerosis  strongly  support  the 
view  that  there  may  be  a  primary  retrogressive  nutritional  change 


Fig.  334. — Drawing  of  a  Section  of  a  Fasciculus  of  the  Ulnar  Nerve  from 
the  same  Case,  with  Atrophy  of  a  great  number  of  the  Fibres,  stained 
with  Osniic  Acid.  For  account  of  the  case  from  which  these  specimens 
were  taken,  vide  Brain,  vol.  i.  1895. 

in  the  neurones,  followed  by  a  ju'ogressive  wasting  of  their  axons, 
commencing  at  tlie  terminals,  and  gradually  .spreading  up  the  pyra- 
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inidal  tracts ;  because  in  some  cases  the  degeneration  has  been  found 
to  extend  only  as  high  as  the  medulla,  in  others  to  the  ])ons  or  crus ; 
while  in  others,  again,  the  internal  capsule  and  the  cortex  have  been 
affected.  Bii/lxir  jxim/i/xi.i  is  the  same  disease  as  progressive  muscular 
atropliy,  and  is  due  to  a  degeneration  affecting  the  motor  nuclei  of  the 
medulla,  particularly  a  group  of  cells  known  as  the  glosso-labio-laryngeal 
Jiucleus.    It  often  forms  the  final  stage  of  ])rogressive  muscular  atrophy. 

PRIMARY  PROGRESSIVE  MYOPATHIES. 

The  aetiology  of  this  group  of  muscular  atrophies  is  still  ob.scure. 
Heredity  plays  a  prominent  part,  especially  through  the  maternal  side. 
No  definite  pathological  lesion  of  the  central  nervous  system  has  been 
obsej'ved,  and  the  disease  is  said  to  be  a  primai-y  atroph)'  of  the  muscle 
fibres.  Pseiido-hypei-trophic  paralyxii  {ji.  1 40),  and  Verb's  juvenile  paralysis, 
are  the  best  known  tyj)es. 

GENERAL  PARALYSIS  OF  THE  INSANE. 

.Stiology. — General  j)aralysis  has  increased  ra))idly  of  late  years, 
and  is  probably  one  effect  of  syphilisalion  and  civilisation.  It  is  a  disease 
of  large  cities  and  towns,  so  is  syphilis  ;  men  are  affected  much  more 
often  than  Avomen.  The  disease  has  been  ascribed  to  alcohol,  but 
in  countries  where  intemperance  is  rife  yet  syphilis  absent,  general 
paralysis  is  unknown,  e.g.,  rural  districts  of  Ireland  and  Sweden. 

The  writer  has  found  a  history  of  syphilis  and  signs  of  S3'j)hilis 
much  more  frequently  in  general  paralysis  than  in  other  classes  of 
mental  disease.  Kraft  Ebing  has  shown  that  eight  general  paralytics, 
who  exhibited  no  external  signs  of  syphilis,  jiossessed  an  immunity 
to  the  disease,  for  they  could  not  be  inoculated  with  the  syphilitic 
virus. 

One  of  the  strongest  arguments  in  favour  of  the  view  that  syphilis 
is  the  factor  of  all  others  which  causes  general  paralysis  is  the  existence 
of  a  juvenile  j'onn,  occurring  in  the  subjects  of  congenital  syphilis, 
twenty-five  typical  cases  of  which  have  come  under  the  writer's 
notice.  Other  factors,  such  as  worry,  anxiety,  mental  strain  and  over- 
work, sexual  excesses,  alcoholism,  blows  on  the  head,  sunstroke,  and 
continual  mental  excitement,  act  as  predisposing  or  exciting  causes. 
Heredity  plays  a  less  important  part  in  this  disease  than  in  other  forms 
of  insanity.  The  aetiologj^  of  general  paralj'sis  and  tabes  is  very 
similar. 

Age  and  Sex. — It  affects  especially  men  in  the  prime  of  life,  in 
the  thirties — the  average  age  of  death  is  -1-0.    It  is  rare  after  50 ;  it 
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may  commence  (excluding  the  juvenile  form)  at  25  ;  but  the  most 
common  period  is  between  .'JO  and  40.  'J'he  disease  runs  a  slower 
course  in  women. 


Morbid  Anatomy. — The  dura  mater  is  often  found  thickened 
and  adherent.  Upon  opening  the  dura  mater  there  is  obvious  atroj)hy 
of  the  brain,  especially  of  the  frontal  and  centivil  convolutions, 
with  thickening  and  opacitij  of  the  'pia-arachnoid ;  the  sulci  2ii'esent  an 
opalescent,  gelatinous  ajipearance,  due  to  the  cerebro-spinal  fluid 
beneath  the  thickened  membranes.  On  removing  the  brain  it  will  be 
noticed  that  there  is  a  great  excesx  of  cerebro-.ipinal  fluid .  The  weight 
of  the  organ  may  be  diminished  one-third  in  extreme  cases.  The 
lateral  ventricles  are  greatly  dilated,  owing  to  the  atrophy ;  the 
atrophy  affects  especially  the  hemispheres,  and  the  ependyma  of  all  the 
ventricles,  especially  the  fourth,  is  •  thickened  and  granular.     If  the 


Fig.  335. — Photograph  of  Brain  of  advanced  General  Para/ysis.  The 
membranes  have  been  stripped  off.  The  atrophy  of  the  frontal  and 
central  convolutions  is  very  evident,  as  shown  by'their  small  size, 
and  the  depth  and  width  of  the  sulci. 

membranes  be  sti-ipped  from  the  hemispheres,  it  will  be  observed  that, 
especially  in  the  frontal  region,  the  brain-substance  tears  away  with 
the  membranes,  leaving  a  characteristic  worm-eaten  appearance 
(Figs.  335  and  336).  The  atrophy  also  affects,  but  to  a  less  degree,  the 
spinal  cord  ;  and  there  may  be  obvious  naked-eye  systemic  degen- 
eration, the  commonest  form  of  which  is  similar  to  that  of  tabes, 
although,  when  examined  microscopically,  it  is  generally  found  that 
the  pyramidal  tracts  are  degenerated.  Haemorrhagic  pachymeningitis 
is  not  uncommon. 

Microscopical  eicamination  of  portions  of  the  brain  stained  by 
Nissl-method  shows  marked  thickening  of  the  pia-arachnoid  and  an 
overgrowth  of  the  neuroglia-tissue,  at  the  expense  of  the  nervous  tissue. 
The  regular  layers  (forming  Meynert's  columns)  of  nerve-cells  of  the 
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Fig.  336. — Photograph  cf  Brain  of.  a  jixore  recent  case  of  General 
Paralysis ;  a  little  time  was  allowed  to  elapse  before  stripping  (he 
memhrancs ;  they  were  then  removed  and  a  worm-eaten  eroded 
surface  has  been  left,  due  to  tlie  adhesions  of  the  thickened  mem- 
branes. 


FiG.  337.  —  Pholoviicrogra ph  of  Section  oj  Cerebral  Cortex,  Ceneral 
Paralysis^  The  columns  of  Meynert  are  destroyed,  the  cortical  cells 
are  undergoing  destructive  changes  or  are  dcalroj'ed.  There  is  an 
overgrowth  of  glia  cells,  and  a  vessel  is  seen  surrounded  with  cells 
lying  in  a  dilated  lynijjhatic  sheath.  This  vessel  terminates  in  the 
thickened  pia  arachnoid  membrane,     x  150. 
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cortex  ai'e  destroyed,  the  cells  being  in  all  stages  of  dissolution,  from 
initial  swelling  with  chromatolysis  to  complete  destruction,  leaving 
only  the  nucleolus  recognisable.  Some  cells  are  swollen  up  and  no 
longer  retain  their  pyramidal  form  ;  their  processes  are  atrophied  and 
ap])ear  broken  off ;  others  are  almost  globular,  owing  to  swelling  up  of 
the  nucleus,  while  again  others  present  a  shrivelled,  atrophied  appear- 
ance. The  motor  pyramidal  cells  do  not  present  the  normal  Nissl- 
granules,  and  a  single  healthy  lookmg  cell  in  a  section  of  the  central 
convolutions  is  hard  to  find.  There  is  a  great  increase  in  the  spider 
cells  of  the  neuroglia  in  those  situations  of  the  cortex  where  the 
atrophy  of  the  nervous  elements  is  most  marked,  namely,  in  the 
frontal  and  central  convolutions  and  the  island  of  Reil.  The  vessels 
are  especially  visible,  owing  to  dilatation  of  the  perivascular  lymphatics 
and  cellular  proliferation  in  the  sheath  ;  numbers  of  leucocytes  also 
are  said  to  be  present ;  the  blood  contained  in  the  vessels,  however, 
does  not  usually  contain  excess  of  leucocytes.  By  the  Marchi  and 
Marchi-Pal  methods  two  important  observations  can  be  made, 
namely,  the  existence  of  a  lai'ge  number  of  degenerated  fibres,  in  various 
stages  of  destruction  and  the  absence  of  the  langcniial  system  ofjibres. 
Many  authorities  consider  the  disease  to  be  a  primary  inflammatory 
menmgo-encephalitis,  with  secondary  atrophy  of  the  nervous  elements. 
Tabes,  with  which  this  disease  is  often  associated,  or  preceded,  was 
formerly  considered  to  be  a  23nm'ii'y  sclerosis ;  it  is  now  generally 
looked  upon  as  a  primary  degeneration  of  the  afferent  system  of  neur- 
ones, with  secondary  overgrowth  of  the  neuroglia.  Many  authorities 
consider  that  general  pai'alysis  and  tabes  are,  pathologically  sj^eaking, 
the  same  disease  affecting  different  parts  of  the  nervous  system, 
and  the  writer  is  of  opinion  that  the  inflammatory  changes  in  the 
membranes  and  aroimd  the  vessels,  in  general  paralysis,  are  secondary 
to  atrophy  of  the  nervous  elements. 
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When  a  xubjecl  is  referred  to  viore  than  once,  the  jjmicijjal  reference 
is  given  in  darker  type. 


ABSCESS,  158,  270,  292,  293 

,,        atheromatous,  452 
cerebral,  535 

,,        chronic  ("cold"),    158,  161, 
340,  394.  423 

,,        embolic,  328 

,,        follicular,  401.  404 

,,        gravitation-,  341 

,,        in  actinomycosis,  389 

,,        in  carcinoma,  124 

,,        in  glanders,  385 

,,        in  skin,  157  (Fig.  96) 

,,         miliary,  155  (Fig.  94),  328 

,,        of  arterial  wall,  450 

,,        of  bone,  394 

,,        of  endocardium,  441 

,,        of  liver,  246,  329,  480 
of  lung,  463,  466 
perityphlitic,  415 

,,        prrevertebral,  389 

,,        pyrBmic,  328 

,,        strumous,  341 
Absinthe,  action  of,  513 
Acari,  229 

Acceleration  of  blood-stream,  145,  161 

Acetonagmia,  510 

Achorion  Schcinleinii,  324 

Achromatosis,  424 

Acids  formed  by  bacteria,  274,  276 

Acinous  cincer,  125 

Acme  of  fever,  220 

Acne,  264 

Actinomyces,  283,  387,  388  (Figs.  215,  216), 
464 

Aciinomycosis,  337,  387 

Acute  yellow  atropliy  of  liver,  36,  45,  300, 

485,  510 
Addison's  disease,  4.  65,  66 
•Adeno-fibroma,  87,  113,  115  (Fig.  66) 
Adenoid  cancer,  132 

,,      growths,  post-nasal,  401  (Fig.  221), 

402 
,,      tumours,  T15 
Adenoma,  113,  114  (Fig.  65),  115  (Fig.  66) 
clinical  characters  of,  117 
cystic,  116 
of  intestine,  419 

of  breast,  114  (Fig.  65),  115 
(Fig.  66) 
,,        origin  of,  1 14,  115 


Adenoma,  seats  of,  115,  116 

,,       sebaceous,  117,  118  (Fig.  68) 
,,        secondary  changes  in,  115 
structure  of,  113 

Adeno-myoma,  116 

Adeno-myxoma,  114 

Adeno-sarcoma,  114,  116 

Adipocere,  33 

Aerobic  organisms,  281,  282 

African  lethargy,  245,  513 

Age,  as  cause  of  disease,  4 

Agenesis  corticalis,  541 

Agglomeration  or  agglutination  of  bacteria, 

305.  320 
Aglobulism,  424 
Agraphia,  531 
Ague,  247 

Air,  bacteriological  examination  of,  282 

,,   in  veins,  216 
Albuminoid  degeneration,  49  (See  Amyloid 

degeneration) 
AlbuminOTia,  491,  497 

, ,         causing  depressed  vitality,  269 
Albumose  in  urine,  108 

toxic,  252,  274,  275,  278,  310 
Alcohol,  effects  of,  34,  171,  183,  269,  454, 

484,  491,  497,  512 
Alcoholism,  480,  509 
AlgEe,  movement  of,  255 
Alimentary  canal,  amyloid  disease  of,  58 
,,  ,,    bacteria  in,  264 

,,  ,,    seats  of  tumours  in,  76 

,,  ,,    tuberculosis  of,  364 

Alkaloids,  bacterial,  274,  278 
Alveolar  sarcoma,  102 
Alveoli  of  lung  in  emphysema,  474 
Amojba  coli,  246,  480 
Amoeboid  dysentery,  247 
Amputation,  intra-uterine,  12 
-neuroma,  82 
, ,         of  limb,  effects  on  nervous 
centres,  513 
Amyl  nitrite,  action  of,  183 
Amyloid,  49 
Amyloid  bodies,  58 

,,      degeneration,  49 

,,  ..  aetiology  of,  51 

, ,  appearances  of,  50 

,1  ,,  chemical  nature  of, 

51 

2  o 
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Amyloid  degenenition,  colour-reatlions,  in 
SI 

, ,  , ,  effects  of,  52 

,,  ,,  experimental  pro- 

duction of,  52 
in  syphilis,  384 
,,  ,,  of  alimentary  canal, 

58 

,,  ,,  of     capillaries,  50 

(Kig.  26) 
o(    kidney,    54,  55 

(I'ig-  30) 
ol   liver,  52,  53-54 

(Figs.  27-29) 
ofspleen,57(Fig.32) 
,.  .,  pathology  of,  52 

,,  ,,  seats  of,  49 

Amyotrophic  lateral  sclerosis, 568  (Fig.  329), 

570-572  (Figs.  332-334) 
Anaemia,  424 

,,       fatty  liver  in,  37 
,,       from  tumours,  72 
local,  181,  270 
oedema  in,  195 
,,       pernicious  426 

,,         blood   in,   426  (Fig. 
238) 

,,         kidney  in,  46 
,,  ,,        heart  in,  42  (Fig.  19), 

428 

,,         marrow  in,  427  (Fig. 
236) 

,,  ,,         liver  in,  428 

,,  ,,         spinal  cord  in,  510, 

568  (Fi:;.  329),  569 
primary  and  secondary,  424 
splenic,  433 
.\naerobic  organisms,  281,  282 
Anaesthesia,  526 

.■\na2sthetics,  effect  of,  on  nerve-cells,  507 
Analgesia,  526 
Anasarca,  193 
Anastomosis,  arterial,  210 
Anencephalus,  8 
Aneurysm,  453 

cerebral,  547,  554  (Fig.  318) 
cirsoid,  84 
clotting  in,  197,  198 
,,        from  infective  emboli,  214,  450 
,,        hyaline  change  in,  49 

miliary,  453  (Fig.  261),  554  (Fig. 
318) 

,,        myelitis  from,  537 

of  heart,  445,  446  (Fig.  255),  447 
of  valve,  443 

pressure  on  sympathetic  by,  183 

, ,        varieties  of,  453 
Angina  pectoris,  514 
Angio-fibroma,  86 
Angioma,  83,  543 
.\ngio-sarcoma,  108,  543 
Ankle-clonus,  525 
Ankylosis  of  joint,  391 

,,  ,,       effect  on  nmscles  of,  39 

Ankylostoma  duodenale,  239  (Fig.  135),  240 
Anorexia,  222 

Antheridium,  322  (I''ig.  175),  323 
,\nthracosis,  478 
.\ntimicrobic  .serum,  290,  305 
.Antiseptics,  259 
.Antistreptococcic  serum.  290 


.Antitoxin,  289 

.Anus,  imperforate,  7.  11  (Fig.  3) 

tuniours  of.  76 
.Aorta,  .atheroma  of,  62,  197,  449  (I'ig.  258), 
451-453  (Figs.  259,  260) 
fatly  degeneration  of,  44  iF'g.  21) 
malformation  of.  434 
obstruction  of,  194 
Aortic  incompetence,  43 

,,     valves,  endocarditis   of,  439,  440 
( Figs.  247, 248),  442 ( Figs.  251 ,  252) 
.\ortitis,  451 
.Aphasia,  528,  531 

.\poplexy,  514,  556  (I'ig.  320*    (.See  Cere- 
bral 1  la:morrliage( 
hereditary,  3 
,,       pulmonary,  216 
Appendicitis,  415,  480 
Appendix  vermiformis,  catarrh  of,  407 

,,  ,,  concretions  in,  407, 

415 
gangrene  of.  415 
inflammation  of,  414 
in  typhoid  fever,  410 
,,  ,.  ulceration  of,  415 

Argyl-Robertson  pupil,  511,  567 
.Argyriasis,  67 

-Arrest  of  development  (See  Malformations) 
Arsenic,  action  of,  34,  143,  491,  513,  536 

,,      immunity  10,  290 
.Arterial  obstruction,  13,  181,  185 
,,      resistance  diminishtd,  183 
tone  in  fever,  222 
Arteries,  amyloid  disease  of,  50,  450 

,,      atheroma  of,  leading  to  gangrene, 
18,  63 

calcificaiion  of,  18,  60.  62,  63 
(Fig.  36),  450 
,,      cerebral,  miliary  aneurysm  of,  453 

(Fig.  261),  554  (Fig.  318) 
,,      degeneration  of,  450 
dilatation  of,  185 
fatty  degeneration  of,  44,  45  (Fig. 

21,  22),  450 

hereditary  tendency  to  rupture,  3 
hyaline  degeneration  of.  49,  450, 
'492 

in  granular  contracted  kidney,  499 

(Fig.  290) 
in  pulmonary  tuberculosis.  358 
,,      ligature  of,  204,  206  (Fig.  115) 
narrowing  of,  181 
nutrition  of  coats  of,  449 
.Arterio-capillary  fibrosis,  436.  453 
.Arterio-sclerosis,  451-455  (Figs.  259,  260, 
262) 

Arterio-sclerotic  kidney,  500,  501 
Arteritis,  from  infective  embolism,  214 
,,      infective,  450 

obliterative,  451  (Fig.  259) 
,,      pro  iferative,  456 
,,      syphiUiic,  381  (Fig.  212).  550 
.Artery  of  hasmorrhage,  555,  556  (Fig.  320) 
Arthritis,  chronic,  160 

deformans,  392 
gonorrhceal,  296 
gouty.  392 
,,       rheumatoid,  136,  382 
.Arthrosporous  fungi,  257 
.Ascaris  lumbricoides,  238 
.Asci,  323 
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Ascites,  54,  423,  48 1 
Ascitic  fluid,  193 
Ascogonium,  323 
Aspergillosis,  324 
Aspergillus  futnigatus,  324 

niger,  258,  260,  322,  323,  324 

Atavism,  5 

Ataxia,  526 

Ataxic  paraplegia,  569 

Atelectasis,  12,  467,  469,  472,  475 

Atheroma,  62,  451 

,,  of  aorra,  62,  197,  449  (Fig.  258) 
,.        of  coronary  arteries,  43 

Atheromatous  abscess,  452 
ulcer,  452 

Atrophied  organs,  pigmentation  of,  67 
Atrophy,  22 

aetiology  of,  24 
appearances  in,  24 
eccentric  and  concentric,  27 
,,      from  defective  nutrition,  24,  26 
,,      from  disuse,  24,  513 
,,      from  exhausted  vitality,  25 
from  pressure,  24 
from  waste,  26 
,,      general,  26 

idiopathic  muscular,  509 
of  bone,  24,  27 
of  genital  organs,  25 
of  heart,  brown,  43  (Fig.  20) 
, ,      of  kidney,  24 

of  liver,  acute  yellow,  36,  45,  300; 
485,  510 
,,      cyanotic,  189 
of  muscle,  25 
of  spleen,  25 
of  testis,  24 
of  thymus,  25 
Attenuation  of  organisms,  272,  287 
Auto-intoxication,  510 

BACILLI,  pathogenic,  300 
'  Bacillus,  definition  of,  256,  284 

,,      anthracis,  257  (Fig.  145),  260,  261, 
264,266  268(Fig.  147), 
273,  290,  300,  301 
(Fig.  162) 
,,  ,,        ferments  of,  275 

botulinus,  513 
,,      coli   communis.    276,   277,  283, 
306,307  (Fig.  165),  422,  480, 
487 

diphtherise,  252, 260,  267,  272,  273, 
307, 308-311  (Figs. 
166-168),  458 
,,       toxines  of,  274,  275, 
276,  310 
,,      Eberth's    (See  B.  typhosus) 
leprte,  278,  279 
mallei,  384.  3a6,  422 
of  Friedlander,  278,  297,  458 
of  Frisch,  387 
of  influenza,  311 
,,      of  malignant  oedema,  2601  262, 

271,  315 
,,      of  plague,  3t2 

of  rhinoscleroma,  387 
,,      prodigiosus,  276 

pseudo-diphtheritic,  308 
ruber,  276 
smegmatis,  283 


Bacillus,  sublilis,  260,  261 

,,      tetani,  254,  260,  262,  313  (Fig. 
169) 

,,         ,,     toxines  of,  274,  314 
,,      tuberculosis,  254,  260,  278,  279, 
283,  288,  289,  329, 
330  (Fig.  177),  422, 

423.  443.  458,  464 
effects  of,  334 
,,  ,,         toxines  of,  34,  276, 

331 

,,  typhosus,  254,  260,  261,  262,  263, 
276,  277,  283,  303, 
304  (Fig.  163),  307 
(l'"ig.  164),  409,  458, 
488 

, ,  , ,        toxines  of,  274 

,,      violaceus,  276 
Back-telling,  6 

Bacteria  (or  schizo-mycetes),  253 

,,      action  of  exudation  on,  163 

,,  ,,      leucocytes  on,  166 

,,      aerobic  and  anaerobic,  260 

,,      anest  of,  269 

,,      arthrosporous,  257 

,,      classification  of,  283 

,,      colonies  of,  256 

, ,      colour  of,  254 

, ,      concurrent  growth  of,  273 

,,      conditions  of  life  of,  258 

, ,      cultivation  of,  279 

,.      distribution  of,  262 

,,      endosporous,  257 

,,      fate  of,  in  tissues,  267 

,,      in  dysentery,  416 

,,      investigation  of,  277 

,,      monomorphic,  250 

,,      morphology  of,  253 

,,      motility  of,  254 

,,      pathogenic,  291 

,,  ,,       dose  of,  272 

pleomorphic,  258 

, ,      products  of,  267,  273 

,,  ,,      causing  necrosis,  14 

fatty  change,  34 

,,  ,,  ,,     nephritis,  491 

,,      proof  of  pathogenicity  of,  285 

,,      reproduction  of,  255,  257 

,,      resistance  to,  174 

,,      spread  of,  173 

,,      variability  of,  283 

,,      virulence  of,  272 
Bacterium  coli  commune,  306  (See  Bacillus 
coli) 

Bands,  peritoneal,  421 
Basilar  artery,  aneurysm  of,  530  (Fig.  303) 
Basiphile  leucocytes,  165 
Bedsores,  13.  14 
Beggiatoa,  256,  284 
Beri-beri,  513 
Bile-ducts,  catarrh  of,  66 
Bilharzia  hasmatobia,  245,  246  (Fig.  136) 
,,  ,,         ova  of,  241  (Fig.  139), 

246 

Bilirubin,  64,  66 

,,      calcium,  487 
Bladder,  calculi  of,  246,  503 

,,      cast  of,  407 

,,      extroversion  of,  10 

hypertrophy  and  dilatation  of,  6 

,,      papilloma  of,  109  (Fig.  61) 
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Hladder,  villoir,  liimoiir  of,  iii  (Mg.  63) 
Hlastoniyceles  (or  yeasts),  253,  320 

,,  m  carcinoma,  77 

Hlindness,  528 

Blood,  coagulation  of,  196,  199 

,,      diseases  of,  424 

,,      effect  of  abnormal,  509 

,,  ,,      deficient,  34 

,,      extra vasatcd,  changes  in,  63,  64 

,,      in  chlorosis,  425 

,,      ill  IcucocythEeniia,  431  (Fig.  239) 

,,      in  pernicious  anasniia,  426  (I'Mg.  235) 
specific  gravity  of,  425,  435 
-supply,  defects  in,  5,  509,  510 

causes  of  diminished,  t8i 

,.         ,,       effect  of  diminished,  34,  181 

,,      -vessels,  amyloid  degeneration  of,  50 

,,  ,,       calcification  of,  62 

,,  ,,       diseases  of,  449 

,,  ,,       fatty    degeneration  of,  44 

(Figs.  21,  22) 

,,  ,,       repair  of,  175 

,,  ,,       tumours  formed  of,  83 

Blue  milk,  bacillus  of,  253  (Fig.  141) 

,,    pus,  277 
Boils,  270,  293,  294 
Bone,  arrested  development  of,  27 

,,     atrophy  of,  24,  27 

,,     eburnation  of,  392 

,,     hypertrophy  of,  25,  142 

,,     inflammation  of,  394 

in  rickets,  397,  399  (Fig.  219) 

,,      mucoid  change  in,  46 

,,      necrosis  of,  13,  395 

,,     repair  of,  177 

,,      trarsplantation  of,  180 

,,      tumours  of,  94 
Bothriocephalus  latus,  232  (Fig.  127),  233- 

235  (Fig.  131),  429 
Botulism,  513 
Brain,  abscess  of,  535 

,,     atrophy  of,  530  (Fig.  303),  541 

,,     congenital  defects  of,  8,  539 

,,      function?  of,  528,  529  (Fig.  302) 

,,     hemiatrophy  of,  540  (Fig.  308) 

lesions  of,  irritative  and  destructive, 
530 

,,     sclerosis  of,  51 

tuberculous  masses  in,  363 
Brain-sand,  59,  88 
Branching,  true  and  false,  283 
Brassy-bodies,  251 
Breast,  adenoma  of,  115 

,,     carcinoma  of,  126  (Figs.  72,  73), 
127  (Fig.  74),  128 
cysts  of,  124,  139 
duct-papilloma  of,  ri2  (Fig.  64) 
,,     hypertrophy  of,  143 
Bright's  disease    (See  Nephritis) 

,,  ,,     atrophy  from  waste  in,  26 

fatty  arteries  in,  45  (Fig.  22) 
,,         ,,     oedema  in,  194 
,,  ,,     peritonitis  in,  480 

Bronchi,  bacteria  in,  263 

,,       dilatation  of,  468,  469,  475 
,,       in  bionciio-pncumonia,  465 
,,       in  tuberculosis,  358,  359  (Fig.  198) 
Bronchiectasis,  471  (Fig.  272),  475 
Bronchitis,  catarrhal,  405  (Fig.  222) 
,,        chronic,  471  (Fig.  272) 
,,        from  metallic  particles,  406 


Bronchitis,  plastic.  407 

,,        sputum  in,  479 
Bronchocele,  cystic,  139 
Broncho-pneumonia,   463  467  (Figs.  267, 
268) 

morbid  anatomy  of, 
4'>5 

septic,  463,  466 
Bronchus,  obstruction  of,  468 
Brown  atrophy  of  heart,  43  (Fig.  20) 

,,     induration  of  lung,  191  I  Fig.  108), 
479 

-Sdciuard's  paralysis,  560 

Bruise,  64 

Bubo,  296,  312 

Bubonic  fever,  312 

Bulbar  paralysis,  26,  524,  572 

Burns,  scarring  from,  160 

Bursa,  false,  136,  139 

CACHEXIA  in  malignant  disease,  73 
Calcareous  infiltration,  59-62 
Calcification,  59 

of  arteries,  62,  63  (Fig.  36) 
,,         of  cartilage,  60 
,,         of  ganglion-cells,  61 
,,  of  parasites,  60  (I'  ig.  34) 

of  thrombi,  60 
,,         of  tubercular  foci,  62,  340 
,,         of  tumours,  62 
Calcium  o.xalate,  calculi  of,  502 
Calculi,  coral,  501 

renal,  passage  of,  6 
, ,      varieties  of,  501 

vesical,  502  (Fig.  291),  503 
,,      urinary,  501 
Callus,  178 

Canalisation  of  thrombus,  203,  205  (Fig.  114) 
Cancer    (Sf  e  Carcinoma) 
Cancer-bodies,  76,  120,  121  (Fig. 70) 
Cantharides,  action  of,  171,  490 
Capillaries,  amyloid  degeneration  of,  50 
(Fig.  26) 

,,  development  of,  175,  176  (Fig. 

103) 

fatty  defeneration  of,  45 
,,         obstruction  of,  13,  185 

permeability  of,  192,  194 
thrombosis  of,  196 
Capillary-pressure,  192 
Carbolic  acid,  259 
Carbon  bisulphide,  action  of,  513 
monoxide,  action  of,  34 
particles  in  lunts,  479 
pigmentation  by,  67 
Carbuncle,  14,  270.  293 
Carcinoma,  118 

acinous,  125 
,,  adenoid,  132 
,,       am>  loid  changes  in,  51 

cells  of,  120  (Fig.  69) 
,,        clinical  characters  of,  124 

colloid,  47  (Fig.  23),  48  (Fig. 

24),  138,  134  (Fig.  8r) 
encephaloid,  128  (Fig.  75),  129 
(Fig.  76) 

„        experimental  production  of,  79 
,,        hereditary  varieties  of,  5 
melanotic,  65 
necrosis  of.  70  (Fig.  40) 
,,       of  brain,  543 
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Carcinoma  of  intestine,  419 

,,        of  pylorus,  418  (Fig.  231) 
origin  of,  115,  118 
parasites  in  77 
scirrhous,  125 
secondary  changes  in,  124 
,,        stroma  of,  123  (Fig.  71) 

structure  of,  120 
,,        varieties  of,  123 
Cardiac  failure,  185 
Caries,  394 

, ,     of  spine,  341 
Carphology,  221 
Cartilage,  calcification  of,  60 
,,       inflammation  of,  180 

mucoid  degeneration  of,  46 
, .       repair  cf,  177 

transplantation  of,  180 
tuberculosis  of,  369  (Fig.  207) 
tumours  of,  91 
Caruncle,  urethral,  84 
Caseation,  36,  339,  467 
Cast  of  bladder,  407 
Casts,  urinary,  55,  57,  494 
Catalepsy,  508 

Catarrh,  mucoid  change  in,  46 

myxoma  arismg  from,  89 
,,      pigmentation  from  continued,  65 
,,      varieties  of,  404 
Catarrhal  inflammation,  404,  406 
Catatonia,  508 
Causes  of  disease,  4,  508 
Caustics,  result  of,  407 
Cautery,  action  of,  170,  196 
Cavities,  bronchiectatic,  475,  476 

,,      tubercular,  273,  341 
Cells,  epithelioid,  334 
,,    giant    (See  Giant-cell) 
,,     multiplication  of,  175 
,,    resistance  of,  4 
Cellulitis,  270 

Centrum  ovale,  lesions  of,  531 
Cerebellum,  lesions  of,  532 
Cerebral  abscess,  535 

aneurysm,  547,  554  (Fig.  318) 
,,      embolism,  213,  552 
, ,      haemorrhage,  45, 46, 554  ( Fig.  319) 
,,      localisation,  528,  529  (Fig.  302) 
,,      softening,  45,  206,382,548,  551- 
554  (Figs.  315-317) 
tumour,  541  (Fig.  309) 
Cerebro-spinal  meningitis,  48.  266,299,51 1, 

533.  536 
Cestoda,  230 
Chancre,  hard,  376 
Charcot's  crystals,  431 
Chemical  injury,  14,  170 
Chemistry  of  ner\-e-degeDeration,  521 
Chemotaxis,  148,  162,  166,  255 
Chicken-cholera,  287 
Childhood,  diseases  of,  4 
Chionyphe  Cartcri,  390 
Chloasma,  326 
Chloroma,  99 
Chlorosis,  4,  424 
Cholcemia,  510 
Cholera,  267,  315 
,,      -vaccine,  288 

-vibrio  or  spirillum  (See  Spirillum) 
Cholesteatoma,  543 
Cholestcrin,  65,  237,  452 


Cholin,  effects  of,  523 
Chondroma,  91-93  (Figs.  47-49) 
Chondro-sarcoma,  92,  99 
Chorea,  511,  514 

„      endocarditis  in,  443 
hereditary,  509 
Chyle,  non-absorption  of,  26 

„     in  urine,  195,  245 
Chyluria,  245 
Cilia,  effects  of  heat  on,  4 
Circulation,  collateral,  182 

„        disorders  of,  181 
Cirrhosis  of  liver    (See  Liver) 
Cirsoid  aneurysm,  84 
Cladothrix  dichotoma,  256,  283 

-gi-oup,  284 
Cleft  palate,  7,  9 
,,    sternum,  7 
Cloacae,  396 

Clonus,  foot-  and  ankle-,  525 
Clostridium,  256 
Clot,  195,  200 
Cloudy  swelling,  28,  29 

of  heart,  29  (Fig.  11) 
of  liver,  29  (Fig.  10) 
Club-foot,  congenital,  12 
Coagulation-necrosis,  18 

of  blood,  196,  199 
of  effusions,  163 
Coagulum,  195 
Cocci,  definition  of,  256,  284 

pyogenic,  262,269,  270  (See  Staphy- 
loccus,  Streptococcus,  &c.) 
Coccidium  oviforme,  76 
Coccygeal  tumours,  134 
Cold,  injury  from,  14,  170,  171,  406,  457 
Colitis,  ulcerative,  417,  480 
Collapse  of  lung,  465 

fibrosis  from,  469 
pigmentation  in,  472 

Collaterals,  506 
Collier's  phthisis,  479 
Colliquative  necrosis,  19 
Colloid,  47 

cancer,  47  (Fig.  23),  133, 134  (Fig. 

,,      degeneration,  47 
Colon,  dysenteric  ulceration  of,  417  (Figs. 

229,  230) 
Colour-blindness,  5 
Columella,  322 

Comma-bacillus    (See  Spirillum  choleree) 
Compensation  of  defects,  6,  141 
Compensatory  emphysema,  474 
Concentric  globes,  130 
Concretions,  62,  415 
Condylomata,  in 

Congenital  defects    (See  Malformations) 

,,        dislocation,  12 

,,        heart-disease,  7 
Conglomerate  tubercle,  337 
Conidia,  322 
Conidiophore,  322 
Conjugation  of  moulds,  323 
Conjunctivitis,  171 
Connective-tissue,  repair  of,  175 
Constipation  in  anemia,  425 

, ,         in  fever,  222 
Contagion,  251 
Contagium  vivum,  252 
Continued  fever,  221 
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Contiactuie,  525 
Convulsion,  220,  234,  240,  514 
Cor  hir.sutuin  vel  villoswin,  421,  438 
Cord,  spinal    (Soe  Spinal  Cord) 
Cornea,  repair  of,  144 
Corns,  1 1  I 

Coronary  arleries,  defective  circulation  in, 

,,  ,,       embolism  of,  213 

Corpora  aniylacea,  58,  59  (Fig.  33),  88 
Corpuscles,  defects  in,  425 

,,        emigration  of,  164 
Crenothrix  Kiihniana,  256 
Cretinous  idiots,  510 
Crisis,  220 

Critical  diarrhoea,  220 
Culture-media,  280 

,,    -tubes.  281  fKig.  148) 
Cyanosis,  435 
Cylindroma,  108,  1 19 
Cystic  adenoma,  116 
Cysticercus,  231  (I'  ig.  120),  234 
Cystitis,  407 
Cysts,  136 

compound  proliferous,  137 
contents  of,  137 

dermoid,  75,  134,  13S  {Fig.  82),  543 
exudation-,  139 
formation  o  f,  136 
hydatid,  235,  236  (Figs.  132,  133) 
implantation-,  135  (Fig.  83) 
of  brain,  539,  543 
retention-,  136,  138,  408,  501 
sebaceous,  138  (Fig.  84) 
structure  of,  137 
varieties  of,  138 

DEAD  Tissues,  staining  of,  67 
Death,  6 

,,     local,  13    (See  Necrosis) 
Decomposition,  16,  21 
Degeneration  (and  infiltration),  22 
,,         albuminoid,  49 
,,  amyloid,  49 

,,         ascending,  559 
,,  chemistry  ot  nerve-,  521 

descending,   557,   559  (Fig. 

322) 
fatty,  32 
granular,  28 
hyaline,  49 
lardaceous,  49 
mucoid.  46 
of  afferent  tracts,  561 
of  efferent  tracts,  569 
of  nerves,  515,  516  (Fig.  249) 
of  spinal  cord,  519-523  (Figs. 

297-299) 
parenchymatous,  28 
pigmentary,  43 
,,         primiu-y,  of  nervous  system, 
56' 

secondary  systemic,  557 
varieties  of,  22,  28 
,,         Wallcrian,  515 
,,         waxy,  49 
,,  Zenker's,  48 

Delirium,  51  r,  534 

,,       tremens,  512 
Demarcation,  line  of,  16 
Dementia,  509,  512,  513 


Dendrites,  505  (I'ig.  292),  506 
Dendrons,  504,  505  (iMg.  292J 
Dermatitis  from  blastomycetes,  321 
Dermoid  cysts,  75,  134,  543 
Desmobactcriuni,  256 
Desquamation,  419 
Development,  defective 


errors  of. 


7'  12 

of  abdomen.  10 
of  anterior  median 

line,  9 
of  face,  9 
of  heart,  434 
of  limbs,  12 
of  posterior  median 

line,  7 
causing  tumours, 
74 

10 


Diabetes,  26,  269,  491,  3 
Diarrhoea,  26,  58,  220 
Digestion  in  fever,  222 
Dilatation  of  vessels,  inflammatory,  161 
Diphtheria,  14,  267,  307, 406,  40()  491.512 
antitoxin,  289 

bacillus  of  (See  Bacillus  diph- 
therioB) 
,,         myelitis  in.  536 
,,         poison  of,  34 
Diplococcus,  definition  of,  256 

intracellularis  meningitidis, 
299 

pneumoniie,  297,  298  (Fig. 

158).  441.  458 
Disease,  acquired,  3 

in  utero,  3 
Addison's,  4,  65,  6b 
ittiology  of,  4,  508 
definition  of.  2 

due  to  diminished  resistance,  3 
effects  of  past,  5 
endemic,  247 
exciting  causes  of,  5 
extension  of,  5,  6 
external  causes  of,  509 
functional,  3,  504 
general  and  local.  3 
hereditary,  5,  508 
Hodgkin's,  402 
infective,  251,  284,  326 

ajtiology  of,  284 
inherited,  2,  509 
internal  causes  of,  508 
investigation  of,  1 
predisposing  causes  of,  4 
primary  and  secondary,  5 
recurrence  of,  5 
silkworm-,  3 

structural  or  organic,  3,  504 
terminations  of,  6 
varieties  of,  2 
woolsorter's,  302 
Discises  of  blood-vessels,  449 

connective  tissues,  390 
heart.  434 
kidney,  488 
liver,  479 

lymphatic  glands,  400 
mucous  membranes,  403 
nervous  system,  504 
respiratory  organs,  457 
sptcial  tissues,  390 
Dislocation,  congenital,  12 
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Disseminateil  sclerosis,  544 
Distoma  hivniatobium,  245 
liepaticum.  245 
laiiceolatum,  245 
Disuse-atrophy,  24 
Diveriiculum,  Meckel's,  10 
Docliniiiis  cUiodcnalis,  240 
Uropsy,  191,  193,  206 

renal,  194 
Duct-papilloma,  112  (Fig.  64) 
Ductui  arterosus,  obliteralion  of,  25 
persistent,  434,  43s 
venosus,  25 
Dwarfing,  7 

Dysentery.  407,  415-417  (Figs.  229-230) 
480 

amoebae  in,  246 
amoeboid,  247 
amyloid  disease  in,  51 
micrococci  in,  300 
Dyspepsia.  26 

DyspntL'a  Irom  anwmia,  425 
Dysuria,  246 

EAR-DISEASE,  effects  of,  328,  533,  535 
Earth,  bacteriological  e.xamniation  ot,  282 
Eburnation,  392 
Eccentric  atrophy,  27 
Ecchondromata,  94 
Effects  of  past  disease,  5 
Effusion,  hasmorrhagic,  421 
purulent,  421 
serofibrinous,  421 
Electricity,  damage  from,  170 
Elephantiasis  arabum,  244 
Elephantoid  fibroma,  87 
Emaciation,  fatty  liver  in,  37 
Emboli,  capillary,  215 

carriage  of,  208 
impaction  of,  209  (Fig.  117) 
infective,  214,  553 
,.      leucocytic,  432 
,,      pigment-,  65 

simple,  214 
,,      source  of,  207 
Embolism,  207 

by  fragments  of  liver,  210 
cerebral,  213.  552 
damage  from,  36 
effects  of,  210,  53t  (Fig.  304) 
fat-,  215,  394 
gangrene  ironi,  6 
infective,  214,  547,  553 
of  cerebral  arteries,  213 
of  mesenteric  artery,  212 
of  pigment,  65 
of  pulmonary  artery,  218 
of  tuniour-cells,  71,  72 
parado.\ical  or  crossed,  2IO 
retrograde,  210 
septic,  328 
Embryonic  remains,  theory  of,  74 
Embryos  of  parasites,  241  (Fig.  136I 
Emigration  of  leucocytes,   145  (Fig.  85), 

146  (Fig.  86),  147 
Emphysema,  185,  437,  472 
netiology  of,  474 
atrophic,  474 
hypertrophic,  472 
vesicular,  472-475  (Fig.  273) 
,,         vicarious,  474 


Empyema,  423 

amyloid  change  accompanying, 
51 

,,        fibrosis  of  lung  from,  471 
, ,        of  joint,  370,  371 

pneumococci  in,  299 
Encapsulation,  174 
Encephalitis,  534 

,,        saturnina,  512 
Encephalocele,  8 
Encephalo-nieiiingocele,  8 
Encephaloid  cancer,  125,  128  (Fig.  75) 
Encliondromata,  94 
Endarteritis  obliterans,  380 

syphilitica,  550  (Fig.  314) 
Endemic  disease,  247,  273,  457 
Endocarditis,  439 

chronic,  444 
in  chorea,  443 

organisms  in,  294,  296,  299, 
441 

old,  444  (Fig.  253) 
patliology  of,  441 
ulcerative,  442  (Fig.  252),  444, 
553 

verrucosa,  443 
Endogenous  nerve-tracis,  528,  562 
Endophlebitis  obliterans,  380 
Endosporium,  321 
Endothelioma,  108,  119 
Engorgement-stage  of  pneumonia,  458 
Enostosis,  95,  96 
Enuresis,  240 

Eosinophile  leucocytes,  164,  i65 
Epiblast,  tumours  derived  from,  80,  n8 
Epidemic    cerebro-spinal  meningitis,  48, 
299,  511,  533,  536 
,,       pneumonia,  457 
Epilepsy,  5,  513,  514,  539 
Epiphysis,  tubercular  disease  of,  368 
Epispadias,  11 
Epithelial  nests,  130 
Epithelioid  cells,  334 
Epithelioma,  124 

cells  of,  129  (Fig.  77) 
,,         columnar,  132,  133  (Fig.  80) 
,,         squamous,  125,  129 
Epithelium,  repair  of,  176 
Epulis,  fibrous,  87 

,,      malignant,  107 
Equinia,  384 

Ergot  of  rye,  effects  of,  15,  182,  513,  536 
Erysipelas,  199,  292,  295 
Hrythrasma,  324,  326 
Escape  of  blood-corpuscles,  186 
Exaltation  of  virulence,  272 
Exciting  causes  of  disease,  5,  170 
Excretion  in  fever,  222 
Exophthalmic  goitre,  4,  184,  195,  510 
Exosporium,  321 
Exostosis,  95 

,,        subungual,  92 
Expansion  of  bone,  107 
Expiratory  theory  of  emphysema,  474 
Extension  of  disease,  methods  of,  5,  6 
External  conditions,  disease  due  to,  5 
Extravasated  blood,  fate  of,  64,  65 
Extroversio  vesicje,  11 
Exudation,  dropsical,  186,  191 

,,        inflammatory,  149  (Fig.  89),  162, 
I  163  (Fig.  100) 
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FACE,  development  of,  9  (Fig.  1) 

,,     epitheiionm  of,  125 
Facial  nerve,  inllammaiion  of,  171 
Ka;cal  fisliila,  .(24 
FiKces,  tubercle-bacilli  in,  332 
Fall  of  fever,  220 
Farcy,  384 

Fastigiuni  of  fever,  220 
Fat,  composition  of,  30 
,,   -embolism,  215  (Fig.  120) 
, ,    -granules,  carriage  of,  33 

characters  of,  35 
.,   necrosis  of,  19,  300 
,,  subcutaneous,  in  pernicious  anaemia, 
428 

Fatigue  of  muscle,  183 

Fattening,  artificial,  39 

Fatty  accumulation  (infiltration),  30 
,,  ,,         tetiology  of,  30 

,,  ,,  appearances  of,  31 

,,  ,.  in  connective-tissue,  31 

(Fig.  12) 

,,  ,,         in  heart,  39,  40  (Fig. 

17) 

,,  ,,  inliver-cells,  32(Fi5.i3), 

37  (Fig.  15),  38 
in  muscle,  39 

,,  ,,         seats  of,  32 

,,    degeneration,  32 

, ,  . ,  ajtiology  of,  33 

,,  ,,  appearances  of,  34 

experiments  on,  33 

,,  ,,  of    blood-vessels,  44 

(Fig.  21) 

,,  ,.         of  heart,  42  (Fig.  19), 

3?S 

,,  ,,  of  kidney,  45 

,,  ,,  of  muscle,  41  (Fig.  18) 

,,  ,,  of  tubercles,  339 

,,  ,,         results  of,  36 

terminations  of,  35 
,,    heart,  39,  40  (Fig.  17),  42  (Fig.  19) 
,,    liver,  37  (Fig.  15),  38  (Fig.  16) 
,,    rupture  of,  215 

Fauces,  inflammation  of,  294 

Favus,  324 

Fermentation,  251,  274 
Ferments,  274,  275 

intra-cellular,  291 
unformed,  252 
Fertilisation  of  moulds,  323 
Fever,  219 

hysterical,  224,  225 
,,     pathology  of,  223 

remittent,  247 
, ,     simple  traumatic,  224 
types  of,  221 
varieties  of,  224 
wasting  in,  26,  27 
Fibrinous  inflammation,  406 
Fibro-adenoma,  116 
Fibroblasts,  157,  159,  334 
Fibro-endolheliomaof  dura  mater,  541  (I'"ig. 
309) 

Fibroid  induration,  187,  377 
recurrent,  102 
uterine,  81,  87 
Fibro-lipoma,  90 
Fibroma,  86  (f''ig.  44) 

cavernosum,  87 
elephantoid,  87 


I'  ibroma  teleaiigiedalicum,  86 
Fibra-myoma,  82 
Fibro-psammoma,  88 
■  Fibro-sarcoma,  99 
l''ibrosis,  168 

of  lung,  468,  469  (Fig.  269) 
of  tubercles,  339 
,,      replacement-.  23 
T-'ilaria  sanguinis  honiitiis,  239  (Fig.  135), 
243,  244  (l-ig.  138) 
perstans,  245 
i'Mlaria;,  varieties  o(,  243 
Fingers,  clubbing  of,  435 

supernumerary,  7,  12 
l'"ission,  reproduction  by,  255  (Fig.' 143) 
Fissures,  developmental,  10 
Fistula,  branchial,  9 
fiaecal,  424 
intestinal,  10 
vesicul,  10 
Fits,  530   (See  Convulsions) 
Flagclla  of  bacteria,  254  (Fig.  142) 
,,     of  malarial  organism,  250 
Flagellated  organisms,  248,  250 
Foetation,  extra  uterine,  61 
Foetus,  endocarditis  in,  439,  443 

,,  head  of,  9  (Fig.  i) 
Follicular  pharyngitis,  405 

ulcers,  404 
Foramen  ovale,  patent,  434.  435 
Foreign  bodies  causing  thrombosis,  197 
Fracture,  repair  of,  177,  1 79  (Fig.  J04) 
Fractures,  fat-embolism  in,  215  (Fig.  120) 
Fragmentation  of  nucleus,  175 
Friedreich's  disease,  509,  567 
Fright,  effect  of,  66 
Frog-spawn  coccus,  256,  257 
Functional  activity,,  excessive,  171,  509 

,,      disease,  3,  504 
Functions  of  organs,  i 
Fungi,  253 

Fungus  hsematodes,  129 

GALL-STONES,  486,  487  (Fig.  280) 

,,  obstruction  from,  66,  488 

Ganglia,  139 

Ganglion-cells,  calcification  of.  61 

,,  nutrition  of,  213 

Gangrene,  causes  of,  1 3 

,,        circumscribed,  16 
diabetic,  15 
dry,  15  (Fig.  5) 
,,        from  embolism.  18 

,,    inflammation,  13 
,,  ,,    injury,  18 

,,  ,,    thrombosis,  18 

hospital,  14 
moist,  16 

of  appendix  verniiformis,  415 

senile.  14,  17,  63 

spreading,  16,  146  (Fig.  86),  148 
(Fig.  88) 
traumatic.  14 

varieties  of,  15 
Gases  formed  by  bacteria,  274 
Gastric  ulcer,  408 
Gelatine,  liquefaction  of,  276 
Gemmation,  320 

General  paralysis  of  Insan;*,  4. 51 1 .  S48. 572- 
575  (Figs.  33.S- 
337) 
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General  paralysis  of  insane,  juvenile,  572 
Genu  valgum,  143 
Germ-theory  of  disease,  252 
Germicides,  259 

Giant-cells,  334,  335  (I'igs.  181,  182) 
in  leprosy,  374 
in  lupus,  371 
in  syphilis,  376,  379 
Giant-cell  system,  160,  338  (Fig.  185) 
Giant-growth,  7,  143 
Glanders,  384 

,,       acute,  385 
~  ,,       aetiology  of,  386 
chronic,  386 
Glands,  lymphatic  (See  Lymphatic  glands) 

,,      mesenteric,  in  typhoid  fever,  414 
Glandular  infection  in  carcinoma,  119 

in  inflammation,  173 
in  sarcoma,  99 
Glioma,  82,  541,  542  (Fig.  310) 
Gliosis,  544 

Goitre,  endemic,  4,  116 

exophthalmic,  4,  116,  184,  195,  510 
Gonococcus,  278,  285,  296  (Fig.  157),  422, 
443 

Gonorrhoea,  295 

,,        myelitis  from,  536 

,,       stricture  due  to,  408 

,,        warts  caused  by,  76,  in 

Gout,  5,  60,  454,  455,  491' 

Gram's  stain,  278 

Granulating  surfaces,  union  of,  154 
Granulation,  grey,  337 

-tissue,  152  (Fig.  92).  153  (Fig. 

93).  157 
Granule-cells,  35 
Granulomata,  infective,  172 
Graves'  disease  (See  Goitre,  e.xophthalmic) 
Growths,  new   (See  Tumours) 
Gummata,  160,  377,  378  (Fig.  210),  380 
(Fig.  211) 
of  nervous  system,  543,  548,  549 

(Fig.  313) 
Gynaecophoric  canal,  245 

H^MATOBLASTS  in  fever,  222 
Haematocele,  136,  139 
Haematogenous  pigmentation,  63,  65 

,,  pulmonary  tuberculosis, 

347 

Haematoidin,  64  (Fig.  37),  187,  479,  557 
Haematoma,  65 

of  dura  mater,  533 
Haematozoon  malarise,  247, 249 (Fig.  140), 
250 

Haeinaturia  in  renal  tumours,  72 
Hasmogenesis,  425 
Haemoglobin  in  anaemia,  424 

in  fever,  223 
Haemolysis,  64,  425 
Haemophilia,  5,  433 
Hwmorrhage,  anwmia  from,  182,  424 

causing  atrophy,  26 

cerebral,  554-557 

coagulation  of  blood  after, 
'99 

,,  damage  from,  36 

from  gastric  ulcer,  409 
,,  from  venous  hypersemia,  187 

,,  in  cirrhosis  of  liver,  481 

,,         in  pernicious  aiiitmia,  428 


Hasniorrhage  in  pulmonary  tuberculosis, 
359 

in  typhoid  fever,  411-413 
,,  permanent  results  of,  36 

,,         punctiform,  147 
„         retinal,  428 

Haemorrhoids,  456 

Hasmosiderin,  63 

Hair  affected  with  trichophyton,  325  (Fig. 
176) 

,,    regeneration  of,  177 
Hammerman's  palsy,  514 
Hare-lip,  7,  9 
Hayem's  fluid,  426 
Healing  of  wounds,  149 

,,     by  first  intention,  149, 

150  (Fig.  90) 
,,     by  granulation,  153 
,,     under  a  scab,  154 
Heart,  aneurysm  of,  43,  445,.  446  (Fig.  255). 
447 

diseases  of,  434 
fatty  accumulation  in,  39 
,,    degeneration  of,  42  (Fig.  19), 
30s 

,,       ,,    hereditary,  3 
fibroid,  488  (Fig.  257) 
hypertrophy  with  pigmentary  change, 
44 

,,         compensatory,  141 
in  fevers,  221 

in  pernicious  anaemia,  428,  429 
malformations  of,  434 
rupture  of,  43 

valvular  defects,  result  of,  i86 
Heat,  injury  from,  14,  170 
Hectic  fever,  221 
Hemianopsy,  528,  531 
Hemiatrophy  of  brain,  540  (Fig.  308) 
Hemiplegia,  523,  531 

congenital,  539,  540  (Fig.  308) 
,,         from  carotid  obstruction,  213 
Hepatisation,  grey,  461,  462  (Fig.  266) 
red,  459  (Fig.  264),  460 
Hereditary  ata.xia,  509,  567 
,,       chorea,  509 

disease,  2,  5,  31,  454 
tumours,  5,  82,  91,  96 
weakness  of  tissues,  3 
Heredity,  as  cause  of  disease,  4,  508 
Hernia,  umbilical,  10 
Hip-joint,  congenital  dislocation  of,  12 
Hodgkin's  disease,  402 
Hooklets,  hydatid,  236,  237  (Fig.  134) 
Horns,  in 

Hyaline  degeneration,  49 

,,      thrombi,  201 
Hyaloplasm,  504 
Hydatid  cysts,  235 
uterine,  89 
Hydrcemia,  plethoric,  195 
Hydrocele,  139,  167 
Hydrocephalus,  acute,  362 

congenital,  8 
from  tumours,  543 
Hydronephrosis,  489,  490 
Hydrophobia,  287 
Hydrops  of  joint,  370 
Hypemamia,  i8z 

active  or  arterial,  183 
compensatory,  184 
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Hyperaemia,  mechanical,  184 

,,         passive  or  venous,  184 

of  liver,  189 
.1  ,,     of  lungs,  190 

results  of,  142,  184,  270 
Hyperiesthesia,  525 
Hyperplasia,  140 
Hyperpyrexia,  221 
Hypertrophy,  140 

compensatory,  141,  142,  408 
of  bone,  25,  142 
of  connective  ii.=sue,  143 
of  heart,  436-437  (l'"igs.  241- 
244) 

,,  of  thyroid  gland,  1 16 

Hyphce,  321 

Hyphomycetes,  253,  321 

conditions  of  life  of,  323 
.,  pathogenic,  324 

reproduction  of,  322  (Fig. 

175) 

Hypoblast,  tumours  derived  from,  80,  118 
Hypo-leucocytosis,  430 
Hypospadias,  11 
Hypostatic  congestion,  186 
pneumonia,  467 
Hysteria,  4,  5,  514 
Hysterical  paralysis,  507,  513 

ICTERUS,  66    (See  Jaundice 

,,        neonatorum,  66 
Ichthyosis  lingua;,  113 
Idiocy,  509 

Idiopathic  muscular  atrophy,  509 
Imbecility,  509 

Immunisation  to  anthrax,  302 

to  diphtheria,  31 1 
to  plague,  312 
to  tetanus,  314 
to  typhoid-bacillus,  305 
Immunised  serum,  311 
Immunity,  5,  285 

acquired,  285 
active,  286 
artificial,  286 
natural  or  inherited,  286 
passive,  286 
theories  of,  290 
Imperforate  anus,  7,  11  (Fig.  3) 
Impetigo,  294 

Incompetence,  valvular,  441 
Indo',  277 

Induration  of  lung,  brown,  191  (Fig.  108), 
479 

Infantile  paralysis,  26,  537,  539 
Infarct,  fate  of,  16 

,,     of  kidney,  2ti  (Fig.  iiR) 
,,     of  lung,  212  (Pig.  1 19) 
red  and  white,  211 
Infarction,  210 

in  leucocythsemia,  432 
of  heart,  447 
,,       of  lung,  216 
,,       pathology  of  red,  213 
Infective  disease,  251,  284,  326 
embolus,  214 
fevers,  224 
,,      granulomata,  172 
inflammation,  172 
Infiltration,  albuminous,  28 

calcareous,  22,  59,  60 


Infiltration,  fatty,  30 

,,        varieties  of,  22 
Inflammation,  ajliology  of,  169 
and  repair,  144 
,,         arrest  of,  174 

causing  gangrene,  13 
,,  clinical  signs  of,  167 

croupous,  406 
,,         diffufc,  267 
, ,  diphtheritic,  406 

dry,  of  :.erous  membrane,  4r9 
explanation  of  phenomena, 
t6i 

fibrinous,  406 
infective  causes  of,  172 
of  aortic  valves,  44o(Fig.  247) 
of  appendix  verniiforrais,  4r4 
of  arteries,  450 
,,  of  bone,  394 

of  cartilage,  391  (Fig.  2r7) 
of  corner,  390 
of  endocardium,  439 
of  lungs,  457 
of  lymphatic  glands,  400 
of  miiral  valve,  439  (Fig.  246) 
of  mucous  membranes,  403 
of  periosteum,  393 
,,         of  serous  membranes,  419 
of  veins,  455 
proliferative,  159 
purulent,  421 
,,  serous,  421 

simple,  145 
suppurative,  154 
traunititic  causes  of,  170 
varieties  of,  169 

Inflammatory  fevers,  224 

Influenza,  311,  536. 

Inhalation  of  particles,  pneumonia  from, 

468,  471 
Inherited  diseases,  5 

,,      tendencies,  deferred,  2 
Injury,  effect  of,  on  arteries,  183 
,,      reaction  to,  144 
, ,      subcutaneous,  170 
Insanity,  hereditary,  5 
Inspiratory  theory  of  emphysema,  474 
Insular  sclerosis,  544 
Intermittent  fever,  221 
Intestinal  obstruction,  419,  42r,  488 

,,       worms,  230,  514 
Intestine,  actinomycosis  of,  389 
,,      amyloid  disease  of,  58 
,,      catarrh  of,  406 
,,      compensatory  hypertrophy  of,  r42 
,,      in  typhoid  fever,  4ro  (Fig.  224) 
tuberculosis  of,  364 
tumours  of,  419 
ulceration  of,  409 
,,  ,,         ,,  amyloid,  58 

,,        ,,  dysenteric,  416 

,,  tubercular,  58,  365 
(Figs.  202,  203) 
,,  ,,         ,,  typhoid,  411  (Figs. 

225,  226I 

Inlra-ulerine  disease,  3 
Introduction,  r 
Inverted  type  of  fever-,  221 
Iodine-stain  for  amyloid,  5r 
trichloride,  311,  314 
Iron  in  liver  in  pernicioirs  ancemia,  428 
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Iron  in  treatment  of  chlorosis,  425 
Irritation,  frequent,  causing  disease,  4 
as  cause  of  tumours,  75,  131 

JAUXDICr;,  66,  408,  486,  488,  510 
Joint,  chronic  suppuration  of,  i6i 

-disease,  general  tuberculosis  from, 
273 

gonococci  in,  296 
,,    scrofulous,  341 

tuberculosis  of,  270,  367 
Juvenile  general  paralysis,  572 
,,      paralysis  (I'>b.),  572 

KAKKE,  513 
Karyokinesis,  175 
Keratitis,  391 
Kidney,  adenoma  of,  n6 
amyloid,  54 

arterio-sclerotic,  500  501 
, ,     cirrhosis  of,  496 
,,     c\'stic,  137 

cysts  of,  139 

diseases  of,  488 
,,      effects  of  removal,  6 
,,     embolism  of,   155  (Fig.  94),  268 

(Fig.  146) 
,,      fatty  degeneration  of,  45 

gouty,  496 
,,     granular  contracted,  496-501  (Figs. 

287-290) 

f.  ,,  ,,         apoplexy  in, 

S55 

■  I  ,,  ..         cedema,  in  194 

,,     hypertrophy  of,  142 

infarct  of,  211  (Fig.  118),  214 
,,      inflammation  of,    171    (See  Ne- 
phritis) 

large  white,  495,  496  (Fig.  286) 
,.         ,,       ,,     amyloid,  54 
,,     malformations  of,  n 
,,     small  white,  495 

sm-gical,  489  (Fig.  281) 
Kinaesthesia,  530 
Knee-jerk,  524,  525  (Fig.  300) 
Knife-grinder's  phthisis,  479 
Knock-knee,  143 

LACTIC  Acid,  in  osteomalacia,  396 
Landry's  paralysis,  539 
Lardacein,  49 

Lardaceous  degeneration,  49  (See  Amyloid 

degeneration) 
Laryn.x,  tuberculosis  of,  346 
Lathy rism,  536 
Lead,  pigmentation  by,  67 

-poisoning,  effects  on  arteries,  454 
.,  ,,  ,,    on  nmscles,  39 

,,     on  nerves,  512 
interstitial  nephritis  from 
497 

myelitis  from,  536 

Lecithin,  33,  521 
Leiomyoma,  8 1 
Lepra-cells,  374 

mutilans,  372,  374 
Leprosy,  372,  373  (l*'igs.  208,  209, 

,,      aetiology  of,  375 

,,      bacillus  of,  373  (I''ig.  209),  375 
Leptomeningitis,  533 
Leptothri.v,  256,  284 


Leucha;mia,  430 
Leucin,  486 

Leucocytes,  carriage  of  bacteria  by,  173 
of  fat  by,  33 
,,      of  pigment  bv,  65, 
478^ 

embolism  by,  216 
emigration  of,  145  (Fig.  85), 
146  (l''ig.  86),  147,  164 
,,         forming  fibrous  tissue,  160 

varieties  of,  164  (Fig.  loi),  431 
(Fig.  239) 
Leucocythcemia,  429 

amyloid  change  in,  51 
blood  in,  430  (Fig.  238), 

431  (Fig.  239) 
liver  in,  432  (Fig.  240) 
lymphatic  glanas  in,  432 
pathology  of,  433 
spleen  in,  431 
varieties  of,  430 
Leucocytosis,  430 
Leuconostoc,  256 
Lightning-pains,  567 
Limbs,  malformations  of,  12 
Line  of  demarcation,  16 
Lip,  epithelioma  of,  125 
,,   lymphangioma  of,  86 
,,   malformation  of,  9 
Lipoma,  90  (Fig.  46) 
hereditary,  5 
Liposarcoma,  99 
Liquor  puris,  158 
LithopEedion,  61 
Liver,  abscess  of,  246,  329,  480 
,,    actinomycosis  of,  388  (Fig.  216) 

acute  yellow  atrophy  of,  36,  45,  300, 

485,  510 
adenoma  of,  116 
,,    amvloid,  52-54  (Figs.  27-29) 
,,    cirrhosis  of,  168,  186,  187,  480 

biliary,  483,  485 
,,  ,,         centripetal,  480 

dyspeptic,  484 
hypertrophic,  484 
jaundice  in,  66 
mixed  forms  of,  485 
multilobular,  483 
pericellular,   383  (Fig. 

213).  483 
,,         portal,  481-482  (Figs. 
277-279) 
rare  forms  of,  483 
syphilitic,  160,  383 
congestion  of,  with  atrophy,  24 
diseases  of,  479 
,,    embolism  by  fragments  of,  2TO 
,,    fatty  accumulation  in,  37-38  (Figs. 
15,  16) 
,,    nutmeg,  39 
,,    gummata   in,   378  (Fig.   210),  380 
(Fig.  211) 
hobnailed,  482 

in  leucocythaemia,  432  (Fig.  240) 

in  pernicious  anaemia,  428 
,,    nutmeg,  188-190  (Figs.  105-107) 

passive  hypercemia  of,  188 

red  atrophic,  483 
,,    regeneration  of,  176 

ruplure  of  fatty,  215 

syphilitic  disease  ol,  383  (Fig.  213) 
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Liver,  tuberculosis  of,  336  (iMg. 
I.oconiotor  ataxy,  4,  511,  526, 

567  (K.gs.  325-328) 
Loeffler  s  blue,  308 

,,       serum,  309 
Lung,  abscess  of,  463,  466 

brown  induration  of,  191  (I'ig.  108) 
collapse  of,  465 
consolidation  of,  355,  460,  465 
fat-enibolisni  of,  215  (I'"ig.  120) 
fibroid  thicl<ening  of,  467,  469  (Kig. 
269) 

gangrene  of,  299,  463,  466 
infarct  of,  212  (l''ig.  119),  216 
inflammation  of   (See  Pneumonia) 
passive  hyperieniia  of,  igo 
pigmentation  of,  477  (l''ig.  274),  479 
purulent  inliltraiion  of,  461 
suppuration  of,  461 
tuberculosis  of,  332,  335  (l'"ig.  180), 
347-360  (I'igs.  186-198) 
Lupus-nodules,  160 
,,     vulgaris,  371 
Lymph,  composition  of,  163,  192 
,,      effects  of  abnormal,  509 
,,      secretion  of,  193 
Lymphadenitis,  400 
Lymphadenonia,  402 
Lymph  agogues,  193 
Lymphangioma,  85 
Lymphatic  glands,  diseases  of,  400 

infection  of  by  bacteria, 
173 

,,  ..  ,,        ,,  tumours, 

71 

inflammation  of,  acute, 
400 
chronic, 
401  (Fig.  220) 
in  leucocythccmia,  432 
tuberculosis    of,  363 
(Fig.  201) 
leucocythcemia,  430 
Lymphocytes,  164 

Lymphogenous  pulmonary  tuberculosis,  349 
Lympho-sarcoma,  loi  (Figs.  52,  53) 
Lysis,  220 

MACROCHEILI.-^,  86,  143 
Macrocytes,  425 
Macroglossia,  86,  143 
Madura  foot,  390 
Malaria,  5,  247 

amyloid  change  in,  51 
Males.  disea.ses  peculiar  to,  4,  s 
Malformations,  causes  of,  8 

,,  congenital,  7-12 

of  brain,  8 
,,  of  face,  9 

>,  of  heart,  434 

,,  of  kidney,  11 

,,  of  limbs,  12 

of  spinal  cord,  8 
,,  varieties  of,  7 

Malignancy  of  tumours,  73,  79  « 
Malignant  endocarditis,  444 
,,        oedema,  315 
,,        pustule,  302 
Mallein,  386 
Mamma   (.See  Breast) 
Mania,  314 


Mania,  acute  delirious,  511 
iMarasniic  clots,  199 
.\Iarchi-niethod,  519 
.Marrow,  inliamniation  of,  393 
in  leucocytheiiiia,  432 
,,      in  pernicious  ana;mia,  427  (Kig. 

236),  428  (l''ig.  237) 
,,      in  typhoid  fever,  414 
Mast-cells,  165 

Ma.ximum,  maintenance  of  physiological,  2 

Measles,  300,  536 
Meat,  tuberculous,  332 
Mechanical  extension  of  disease,  6 
hypenx-mia,  184 
,,        injuries,  14,  170 
Meckel's  cartilage,  tumours  from,  69,  75 

,,      diverticulum,  10  (Fig.  2) 
Mediastinal  growth,  loi  (Figs.  52,  53) 
Megaloblasts,  427  (Fig.  236) 
Melancholia,  513,  514 
Melanin,  66,  105 
Melanoderma,  66 
Melano-sarcoma,  99 

Membrane,  croupous  and  diphtheritic,  407 
false,  404,  406,  533 

Meninges,  inflammation  of,  532 

,,        tuberculosis  of,  360-363  (Figs. 
199,  200) 

Meningitis,  533 

basic  of  infants,  299,  533 
epidemic    cerebro-spinal,  266, 

299.  51 533.  536 
gummatous,  548 
pneumococcus  in,  299 
tubercular,      344,  360-363 
(Figs.  199,  200) 

Meningocele,  8,  139 

Meningococcus,  299 

Meningo-encephalo-rayelitis,  513 

Meningo-myelitis,  537 

Mercuric  chloride  as  gernticide,  259 

Mercury,  pigmentation  by,  67 

Mesenteric  glands  in  typhoid  fever,  414 

Mesoblast,  tumours  arising  from,  80 

Methyl-violet  stain  for  amyloid,  51 

Micrencephalia,  8 

Microbacteriuni,  259 

Microcephaly,  27 

Micrococci,  pathogenic,  291,  300 

Micrococcus,  definition  of,  256 
septicus,  261 
ureas,  291 

Microcytes,  425 

Micromyelia,8 

Micro-organisms    (.See  Hacteria) 
Microsporon  endothri.x  and  eclothrix,  325 
furfur,  326 
,,  niinutissimum,  326 

Miliary  aneurysms,  453  (Fig.  261),  554 (Fig. 
318) 

,,     tubercles,  336  (Fig.  183),  337 
Milk,  pathological,  341 

tubercle-bacilli  in,  332 
,,    -patches,  439 
Minimum,  maintenance  of  physiological,  2 
Mitosis,  175 

Mitral  disease,  6,  186,  187,  437,  439  (Fig. 

246),  441  (Fig.  250) 
Modification  by  past  disease,  5 
Mole,  7 

Mollities  ossiuni,  396 
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MoUuscum  fibrosum,  78,  88 
Monoplegia,  528 
Monsters,  7 

Morbid  processes,  varieties  of,  6 
Mosquitoes  in  filariasis,  243 

ill  malarial  infection,  250 
Mother's  marks,  83 
Moulds  or  hyphomycetes,  253,  321 

pathogenic,  324 
Mouth,  actinomycosis  of,  389 
Movement,    diagram   of   nerve-paths  in 

voluntary,  558  (Fig.  321) 
Mucin,  46,  137 
Mucoid  degeneration,  46 
Mucor  mucedo,  320,  322 

,,     racemosus,  323 
Mucous  membrane,  adenoma  of,  117 

inflammation  of,  403 
passage    of  bacteria 

through,  264 
transplantation  of,  180 

catarrh,  404 

polypi,  117 

tubercles,  377 
Multiple  sclerosis,  544 
Muscle,  amyloid  degeneration  of,  50 

cloudy  swelling  of,  28 

fatt)' accumulation  in,  39 
,,    degeneration  of,  26,  41 

repair  of,  177 

tumours  of,  80 

Zenker's  degeneration  of,  48  (Fig. 
25) 

Muscular  atrophy,  idiopathic,  509 

,,      paralysis,   pseudo -hypertrophic, 
S,  140,  572 
Mycelium,  321 
Mycetoma,  390 
Mycoderma  aceti,  260 

,,        vini,  321 
Myelitis,  393,  535 
acute,  536 
,,,     central,  536 
,,     compression-,  537 
,,     diffuse,  536 
focal,  537,  560 
transverse,  537,  560 
Myelocytes,  430 
Myelocythaemia,  430 
Myeloid  sarcoma,  107  (Fig.  60) 
Myeloma,  108 
Myelo-meningocele,  8 

Myocarditis,  43,  147  (Fig.  87),  423,  445 
(Fig.  254) 

,,         diffuse,  446 

,,         suppurative,  445 
Myoma,  80,  8i 

calcification  of,  60 
Myomalacia  cordis,  447 
Myositis  ossificans,  95 
Myotatic  irritability,  524 
My.xochondroma,  92 
Myxocdema,  4,  47,  510 
Myxolipoma,  89,  90 
Myxoma,  88  (Fig.  45) 
Myxosarcoma,  99 

N^VI,  83,  88 

capillary,  84  (Fig.  42) 
,,      cavernous,  85  (Fig.  43) 
cutaneous,  83 


Niuvi,  melanotic,  65 
Nails,  favus  of,  324 

,,      regeneration  of,  177 
,,      tinea  of,  326 
Nasal  discharges,  diphtheria-bacilli  in,  308 

,,     polypus,  87,  89 
Necrosis,  13 

,,       acute,  393 
,,       coagulation-,  18 
colliquative,  19 
from  cardiac  weakness,  14 
from  passive  hyperaemia,  13 
from  physical  and  chemical  in- 
juries, 14 
,,       from  thrombosis,  206 
of  bone,  13,  393,  395 
of  fat,  19  (Fig.  8) 
of  kidney,  embolic,  18  (Fig.  7) 
of  mucous  membrane  in  dysen- 
tery, 416 
of  m3'ocardium,  17  (Fig.  6) 
Neisser's  stain,  308 
Nematoda,  338 

Nephritis,  acute  consecutive,  489 

,,     tubular,  493  (Fig.  282) 
chronic  consecutive,  490 
,,      interstitial,  171,  496 
,,     tubular,   57,   494,  495 
(Fig.  285) 
consecutive,  489,  490 
glomerular,  491,  492 
interstitial,  496 

,,         secondar}',  6 
parenchymatous,  490 
suppurative,  488 
tubular,  491-496  (Figs.  282-286) 
Nerve,  degeneration  of,  26,  515,  516  (Fig. 
294) 

-influence,  effect  of  altered,  5,  26, 
172 

,,     injury  to,  26 
, ,     leprosy  of,  374 

optic,  atrophy  of,  25,  563 
,,     repair  of,  515,  517  (Fig.  295) 
,,     transplantation  of,  i8i 
Nerves,  diseases  of,  518 

degeneration  of,    515,    516  (Fig. 
294).  519  (Fig.  296) 
Nervous  system,  development  of,  7 

central,  degeneration  of, 
.  519 

mflamniation  of, 
534 

cftects  of  fever  on,  221 
•  •         •.       liyperremia  of,  184 
morphology  of,  504 
pathology  of,  504 
regeneration  of,  515,  517 
(Fig.  295) 
Neur.algia,  5,  66,  184,  195,  514 
Neurasthenia,  511 
Neurin,  523 
Neuritis,  511,  518 

interstitial,  518 
leprous,  372,  5 1  r 
,,     optic,  543 

parenchymatous,  518 
Neurofibroma,  88 
Neuroglia,  function  of,  508 
Neurokeratin,  521 
Neuroma,  82 
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Neuroma,  amputation-,  82 

false,  88,  89 
Neurones,  504 

,,       corticospinal  and  spinoiiiii.sculai-, 
523 

,,        relations  of,  506 
Neuropathic  tendency,  509 
Neuroses,  paroxysmal,  504 
Neurosis,  511,  513,  514 
Nissl-bodies,  505 
Nitrification,  274 
Nodes,  377,  393 
Noma,  14 

Nose,  rodent  ulcer  of,  132  (Fig.  79) 
Nuclein,  290 
Nucleus,  division  of,  T75 
Nutrition,  arrested,  13 
„        impaired,  22 

OBESITY,  30,  31,  32 

,,         fatty  liver  in,  37 
Odontoma,  95 
Oidema,  163,  168,  193 

„      aniKmic,  425 

,,      malignant,  315 
Oisophagus,  amyloid  degeneration  of,  58 

,,  seats  of  tumours  in,  76 

Oidium  albicans,  320  (Fig.  174),  321 
Old    age,   diseases    of,  4     (See  .Senile 
changes) 
mucoid  change  in,  46 

„        wasting  in,  27 
Oligocythasmia,  424 
Omentum,  inflamed,  420  (Fig.  233) 
Omphalomesenteric  duct,  persistent,  10 
Onset  of  fever,  220 
Ony-x,  391 

Opium,  immunity  to,  290 
Optic  nerve,  atrophy  of,  25,  562 

,,     neuritis,  543 
Orchitis,  167 
Oscillation  of  blood,  146 
Osteitis,  367,  394 

,,     deformans,  394 
Osteochondroma,  92,  93 
Osteoid  tissue,  93 
Osteoma,  94 

,,        dental,  95 

,,         hereditary,  5 

, ,         varieties  of,  95 
Osteomalacia,  60,  108,  396 
Osteomyelitis,  215,  216,    266,    270,  273, 

294,  393 
Osteophyte,  95 
Osteosarcoma,  99 
Otitis,  meningitis  from,  533 

,,      pneumococcus  in,  299 
Ova  of  parasites,  241  (Fig.  136) 
Ovarian  cysts,  116,  117  (Fig.  67) 

,,      tumours,  degeneration  of,  46,  47 
Ovary,  adenoma  of,  116 
Ovum,  infected  with  disease,  3 
O.xamide,  calculi  from,  503 
Oxyphile  leucocytes,  164 
O.xyuris  vemiicularis,  238,  239  (Fig.  135) 

PACHYMENINGITIS,  532 

,,  membranous,  65, 

533 

Palate,  cleft,  7,  9 

tuberculosis  of,  343 


Pannus,  391 

PapilloMia,  5,  109  111  (I'igs.  61-63) 
clinical  characters  of,  113 
origin  of,  113 
varieties  of,  j  10 
Paradoxical  embolism,  210 

,,        temperature,  221 
Para;sthesia,  526 
ParafTin.  causing  epithelioma,  76 
Paralysis,  acute  ascending,  539 
,,    spinal,  537 
Bell's,  518 

bulbar,  26,  524,  572 
corticospinal,  523 
diphtheriiic,  31 1,  512 
general,  of  insane,  4 
hysterical,  507,  513 
infantile,  S37  (Fig.  305),  539 
juvenile  (Krb.^  572 
Landry's,  539 

of  muscle,  effects  of,  39,  42 
pseudo-hypertrophic  muscular. 

5.  I40.  572 
spinomuscular,  523 
Paraplegia,  ataxic,  569 
Parasites,  nature  of,  225 
,,       animal,  226 
vegetable,  251 
Parasitic  theory  of  tumoms,  76 
Parasyphilitic  affections,  511,  547 
Parotid  tumours,  116 
Parturition,  injury  to  bladder  from,  407 
Pediculi,  226,  228  (Fig.  123) 
Pellagra,  513,  536,  569 
Pelvis  in  osteomalacia,  396.  400 

,,     in  rickets,  400 
Pemphigus  leprosus,  374 
Penicillium  glaucum,  322,  323 
Peptones,  274,  275,  277 
Perforation  of  intestine,  411,  413 

,,        of  stomach,  409 
Periarteritis  nodosa,  450 
Pericarditis,  438 

adhesive,  causing  fatly  heart, 
43 

fibrinous,  420  (Fig.  233) 
,,         from  actinomycosis,  389 
Pericardium,  adherent,  423,  436 
Perihepatitis,  479 
Perinephritis,  503 
Periosteum,  inflammation  of,  393 

,,        transplantation  of,  180 
Periostitis,  causing  necrosis,  13 
proliferative,  393 
,,        serous,  393 

suppurative,  294,  305,  393 
syphilitic,  377 
,,        tubercular,  367 
Periphlebitis,  437 
Perithecium,  323 

Peritoneum,  behaviour  of,  towards  organ- 
isms, 271 
inflammation  of,  163 
Peritonitis  from  actinomycosis.  389 
in  perityphlitis.  415 
in  typhoid  fever,  413 
pneumococcus  in,  299 
tubercular,  422 (Fig.  234),  423 
Pernicious  an.'Kmia,  426    (See  Ana;mia) 
Peyer's  patches  in  tuberculosis,  365  (Fig. 
203) 
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Peyer's  patchi>s  in  typhoid  fever,  410-413 

( Kigs.  224-226) 
Phagocytosis.  166 
Pharyngitis,  follicular,  405 
Phlebitis,  196,  432,  455 
Phleboliths,  60,  202,  456 
Phlebosclerosis,  455 
Phlegmasia  dolens,  205,  207 
Phosphatic  calculi,  502 
Phosphorus,  action  of,  33,  34,  46,  143,  429, 

486.  491 

Phthisis,  350,  464    (See  Tuberculosis,  pul- 
moniiry) 

acute,  352,  ^/.r<.v/i/.  (Figs.  190,  192, 

193.  195) 
chronic,  356  (Fig.  196),  357  (I'ig. 

197) 
collier's,  479 
laryngeal,, 346 
Pianoforte-player's  cramp,  514 
Picric  acid,  staining  by,  67 
Pigment,  bacterial,  274,  276 

derived  from  muscle,  43 
,,       due  to  cell-action,  65 
,,       -emboli,  216 
from  bile,  65 
from  blood,  63 
fro  n  foreign  bodies,  66 
ha;matogenous,  63 
,,       in  mahria,  248 
,,       varieties  of,  63 
Pigmentary  changes,  63 

degeneration  of  heart,  43  (l''ig. 
20) 

Pigmentation,  63 

from  congestion,  65,  i88 
in  sarcoma,  105 
of  lung,  477  (Fig.  274),  479 
Pigmented  cells.  66  (Fig  38),  104  (Fig.  57) 
Pityriasis  versiculor.  326 
Plague  bacillus  of,  312 
Plasma-cells,  159 
Plasmodium  malaiire,  250 
Plate-cultures,  282 
Platelet-crisis,  200 
Pleurisy,  blood  in  cases  of,  199 

fibrosis  of  lung  from,  469 
,,       in  pneumonia,  460 
,,       pneumococcus  in,  299 
,,       purulent,  423 
Pleurogenic  fibrosis  of  lung,  471 
Plumbism,  454,  512  (Sec  Lead-poisoning) 
Pneumatogenoui  pulmonary  tuberculosis, 

350,  464 
PneumobaciUus,  278,  297 
Pneumococcus,  297,  422,  458,  464 
Pneumoconiosis,  67,  477 
Pneumomycosis,  324 

Pneumonia,  acute  croupous,  457-463  (Figs. 
264-266),  468,  470 
bacteriology  of,  297,  458 
blood  in,  199 
,,         chronic,  463,   467-472  (Figs. 

270.  271) 
,,        hypostatic,  467 

lobular  or  catarrhal,  463-467 

(l'"igs.  267,  268) 
interstitial,  423,  467-472  (I''ig. 
269) 

.,        syphilitic,  467 
white.  467 


Poikilocytes,  425.  426  (Fig.  235) 

Poisons,  effect  of.  on  nervous  system,  510,  536 

selective  action  of,  511 
Polioencephalitis,  534,  543 
Poliomyelitis,  537 
Polyneuritis,  518 

,,         causes  of,  512,  513 
Polypus,  mucous,  117 
,,       nasal,  87,  89 
,,       rectal,  117 
,,        uterine,  82,  117 
Polyuria,  56 
Porencephalia,  8,  539 
Port-wine  stains,  83 
Post-mortem  changes,  20,  33 
congestion,  188 
decomposition,  21 
discolouration,  20 
rise  of  temperature,  223 
staining,  20 
Pott's  disease,  537,  560 
Predisposing  causes  of  disease,  4,  170 
Predisposition,  269 
Pregnancy,  blooil  in,  199 

pigmentation  in,  66 
Pressure-atrophy,  24,  27 
,,     removal  of,  183 
Primary  lateral  sclerosis,  569 

progressive  myopathies,  572 
Privation  a.s  cause  of  disease,  4 
Proglottides,  231 

Progressive  muscular  atrophy,  26,  523,  524, 
570 

Prostate,  adenoma  of,  116 

,,       amyloid  bodies  in,  59 

,,       hypertrophy  of,  143 
Protagon,  521 
Proteus,  271 

Protozoa,  parasitic,  76,  246 
Psamnioma,  88,  543 
Pseudodiphtheria,  308 
Pseudohypertrophic  muscular  paralysis,  5, 

140.  572 
Pseudotuberculosis,  337 
Psychomotor  functional  paralytis,  514 
Psychoses,  504,  513,  514 
Ptomaines,  275 

Pupil,  Aigj'l-Robertson,  511,  567 
Purpura,  433 
J^urulent  catarrh,  404 

,,     infiltration  of  lung,  461 

,,      inflammation,  421 

,,     plenris)',  423 
Pus,  156,  158  (Figs.  97,  98) 
,,    tubercle-bacillus  in,  278 
Pustule,  264 

malignant,  302 
Putrefaction,  16,  21 
Putrefactive  organisms,  262,  265,  274 
Pyaimia,  174,  196,  294,  326,  328,  4S0, 
488,  489 

,,       portal,  329 
Pyelitis,  suppur^.tive,  503 
Pyelonephritis,  503 

Pylephlebitis,  203  (Fig.   112),  329,  4^6 

(Fig.  263),  480 
Pylorus,  carcinoma  of,  418  (Fig.  231) 
J  pyonephrosis,  503 
I'yosalpinx,  296 
Pyosis,  291    (See  Suppuration) 
Pyrexia    (Sec  Fever) 


INDKX 


QUARTAN  ague.  J47 
Quinine,  action  of,  166,  250,  318 
Quotidian  ague,  247 

RAMIES,  287,  511 
Kanula,  139  . 
Reaction  to  injury,  144 
Recovery,  natural  power  of,  4 
partial  and  entire,  6 
Rectum,  atropliy  of,  after  colotomy,  25 
carcinoma  of,  75,  76 
polypus  of,  117 
,,      prolapse  of,  240 
Rectus  abdominis  muscle,  fatty,  41  (I'ig. 

18) 

Zenker's     de  - 
generation  of,  48  (Kig.  25) 
Referred  pains,  514,  526 
Reflex  action,  524  (Kig.  300) 
,,     effects  of  parasites,  240 
,,      hypercemia,  183 
,,      inflammation,  171 
,,      irritation,  514 
,,     spinal  tonus,  525 
superficial,  525 
Refractoriness,  286 
Regeneration    (See  Repair) 

,,  of    capillaries,     176  (Fig. 

i°3) 

Relapsing  fever,  315 
Remittent  fever,  221 
Renal  calculus,  6,  501,  503 
,,     dropsy,  194 

epithelium,  repair  of,  177 
Repair,  144,  174-180 
Resistance  of  individuals,  4 

of  tissues,  3,  4,  14,  172 
Resolution  of  broncho-pneumonia,  467 

of  lobar  pneumonia,  462 
Respiration  in  fever,  222 
Respiratory  passages,  actinomycosis  of,  389 
Resting-spores,  322 

Retardation  of  blood-stream,  146,  162,  197 
Retention-cysts,  136,  138,  408 
Retinal  heemorrhages,  428 
Retinitis  pigmentosa,  5 
Rhabdomyoma,  80 
Rheumatic  inflammation,  171 

,,        myocarditis,  147  (Fig.  87),  445 

(Fig.  254) 
,,        poison,  511 
Rheuuiatism,  blood  in,  199 

,,  endocarditis  in,  443 

myocarditis  in,  445  (Fig.  254) 
Rheumatoid  arthritis,  136 
Rbinoscleroma,  386 

Rib,  rickety,  397  (Fig.  218),  399  (Fig.  219) 
Ricin,  immunity  to,  290 
Rickets,  27,  396 
Rider  s  bone,  95 
Rigor,  220 

mortis,  20 
Rodent  ulcer,  131 

SACCHAROMYCFS  cerevisioe,  252,  274 

Saccharomycetes,  320 

Sago-spleen,  57 

Salivary  glands,  wasting  of,  26 

Sapra;inia,  225,  326,  327 

.Sarcina  flava,  276 

,,      pulmonum,  300 


Sarcina  \ii  ina;,  300 

,,      ventriculi,  300 
.Sarcinte,  256,  300 
Sarcoma,  96 

alveolar,  102  (I'ig.  54),  119 

angio-,  108 

calcifying,  99,  105  (l'"ig.  58) 
clinical  characters  of,  99 
dissemination  of,  99 
lympho-,  101  (Figs.  52,  53) 
mahgnancy  of,  100 
melanotic,  65,  103,  104  (Fig.  57) 
mode  of  growth  of,  99 
myeloid,  106,  107  (I'ig.  60) 
of  nervous  system,  542 
ossifying,  96,  106  (Fig.  59) 
osteo-,  99,  105 
perithelia),  108 
, ,       physical  characters  of,  98 
round-celled,  100  (Fig.  51) 
seats  of,  99 

secondary  changes  in,  98 
spindle-celled,  102,  103  (Figs.  55, 

structure  of,  96 
varieties  of,  98 
Scab,  healing  under,  154 
Scald,  result  of,  407 
Scar,  pigmented,  65 

,,    -tissue,  160,  270 
Scarlatina,  heart  in,  222,  409 
meningitis  in,  536 
nephritis  in,  491 
.Scirrho-encephaloid,  125,  126  (Fig.  72) 
Scirrhus,  125,  126  (Figs.  73,  74) 
atrophic,  36,  125,  127 
physical  characters  of,  127 
,,       seats  of,  128 
Schizoniycetes,  253 
Sclerosis,  143,  521,  536 
combined,  569 

disseminated  cerebrospinal,  544- 
547  (Figs.  311,  312) 

of  bone,  395 

of  spinal  cord,  24 

primary  Lateral,  569 
Scolex,  234,  236,  237  (Fig.  134) 
Scrofula,  372 
Scrofuloderma,  342,  371 
Scrofulous  joint,  341 
Scurvy,  433 

Sebaceous  glands,  adenoma  of,  117 
Senile  changes,  34,  46,  60,  62,  454,  472,  474 
Sensation,  disturbance  of,  525 
Separation  of  slough,  17 
Septa  of  heart,  defective,  434 
Septic  infection,  326 

,,    intoxication,  326 

,,    poisoning,  225 
Septicajmia,  63,  66,  292,  326,  327,  491 

of  mice,  259 
Sequestrum,  368,  395 
Serous  catarrh,  404 

,,     niembniiies,  diseases  of,  419 
Seriuii,  antimicrobic,  290 

,,    antidiphtheritic,  289 

..    antiplaguc,  312 

,,    effect  of  normal,  290 

,,  -therapeutics,  289 
Sewer-gas,  eliTect  of,  310 
Sex,  as  cause  of  disease,  4 
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Siderosis,  479 
Silicosis,  479 
Silkworni-clisease,  3 
Silver  nitrate,  action  of,  170 

,,     pigmentation  by,  67 
Skin,  bacteria  on,  263 

, ,    glanders  of,  385 

,,    in  pernicious  anreniia,  428 

, ,    passage  of  bacteria  into,  284 

, ,    tuberculosis  of,  371 

,,    -grafting,  180 
Sleeping-sickness,  245,  513 
Slough,  nature  of,  16 

,,      separation  of,  17 
Small-pox,  48 

pustule,  156  (Fig.  95) 
Smegma-bacillus,  283 
Sodium  biurate  in  gout,  5,  5o,  392 

,,     quadriurate,  392 
Soft-sores,  iii 

Softening,  cerebral,  45,  548 

grey.  536 
,,        of  thrombi,  202 
,,        of  tuberculous  masses,  340 

red,  534 

Soleus  muscle  in  typhoid  fever,  48  (Fig.  25 
Spermatic  influence,  76 
Spermatozoon  infected  with  disease,  3 
Sphacelus,  16 
Spina  bifida,  8 

Spinal  canal,  malformation  of,  8 

,,      cord,  degeneration  of,  520 (Fig.  297), 
522  (Figs.  298,  299) 
fimctions  of,    526,  527  (Fig. 
301) 

,,        ,,    symptoms  of  disease  of,  528 
Spine,  caries  of,  341 
Spirilla,  pathogenic,  315 
Spirillum  cholerae,  254,  261,  272,  273,  315, 
316  (Fig.  172) 
, ,  , ,        toxines  of,  267,  274,  276 

definition  of,  256,  284 
Spirobacterium,  256 
Spirochaita,  256 

,,  Obernieieri,  315 

Spleen,  amyloid,  57  (Fig.  32) 
,,     in  leucocythajmia,  431 

in  typhoid  fever,  414 
,,     removal  of,  142 
.   sago-,  57 
Splenic  anremia,  433 
Splenomedullary  leucocythasmia,  430 
Spongioplasm,  504 
Sporangiophore,  322 
Sporangium,  322 
Spore-formation,  257  (I'"ig.  145) 
Sputum  of  bronchitis,  279  (Fig.  276) 
,,       pneumonic,  298 
,,       tubercle-bacillus  in,  278,  331 
Stab-cultures,  282  (Figs.  149,  150) 
Staining,  methods  of,  277 
,,       post-mortem,  20 
Staphylococcus,  definition  of,  256 

,,  pyogenes  albus,  291 

pyogenes  aureus,  52,  154, 
264,  277,  290,  291, 
292-294  (Figs.  153,  155), 
441 

Stasis,  146 

Stenosis,  valvular,  441 
Sterigmata,  322 


Sterilisation,  261,  279 
Stomach,  amyloid  disease  of,  58 
catarrh  of,  406 
dilated,  405 
tumours  of,  418 
Strain,  effects  of,  454 
Stnangulation  of  gut,  5,  14 
Streptococcus,  definition,  of  256 

erysipelatis,  273,  295 
pyogenes,    158,  291-294 
(Figs.  328,  441) 
Streptothrix,  284 
Stricture  of  ducts,  5,  408 

,,      of  urethra,  6,  408 
Strobilus,  230 
Strongylus  vasorum,  337 
Strumous  nodule  and  abscess,  341 
Stump,  conical  from  gangrene,  17 

,,     neuromala  in,  82 
Sulphuretted  hydrogen,  staining  due  to,  67 
Suppuration,  154,  172 

,,         aitiology  of,  J72 

,,         amyloid  change  due  to,  51 

,,  atrophy  from,  26 

bacteria  of,  291 
,,  chronic,  i5i 

diffuse,  158,  329 
Susceptibility,  286 
Sweat-glands,  adenoma  of,  117 
Sweats,  critical,  220 

Swelling,  cloudy.    (See  Cloudy  swelling) 
Sympathetic,  irritation  of,  66 
Synostosis,  premature,  9,  27 
Synovial  membrane,  thickening  of,  160 
, ,  , ,        tuberculosis  of,  370 

Synovitis  tuberosa,  370 
Syphilis,  376 

acquired  in  utero,  3 
aetiology  of,  382 
after-effects  of,  5 
amyloid  change  in,  51 
as  cause  of  general  paralysis,  572 
,,      congenital,  381,  383,  391,  467 
,,      contrasted  with  tuberculosis,  381 
,,      endarteritis  from,  458,  550  (Fig. 
314) 

,,      perihepatitis  in,  480 
, ,      primary  lesion  of,  376 

secondary  lesion  of,  377 
, ,      tertiary  lesion  of,  377 
Syphilitic  disease  of  arteries,  381  (Fig.  212^. 

382,    45°.  S49-S50 
(Figs.  313,  314) 
of  central  nervous  system, 

■  547 
ofliver,  383 
pneumonia,  467 
,,       poison,  511 

tumours,  378,  541 
Syphilococcus,  382 
Syphilomata,  378,  548 
Syringomyelia,  83,  526,  544,  546  (Fig.  312 
Syringomyelocele,  8 

TABES  Dorsalis    (See  Locomotor  ataxy) 
Tasnia  canina,  234 

,,     echinococcus,  232  (Fig.  128),  234, 
235 

,,     nana,  234 

,,     saginata,  231  (Fig.  125),  232  (Figs. 
J27,  129),  233  (Fig.  130a) 

2  p 
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Tctiiia  solium,  232  (Kig.  127),  233  (Fig.  130)  ' 

Tapeworms,  230-235 

Tar  causing  epithelioma,  76 

Ttitiooing,  67 

Temperature  of  body,  219 

,,         rise  of,  post-mortem,  223 
Tendency  to  disease,  2 
Tendon-reflex,  524,  525' 
Tendons,  sloughing  ol,  13 
Teratomata,  80,  134 
Terminations  of  disease,  6 
Tertian  ague,  2.(7 
Testis,  atrophy  of,  24 
Tetanus,  313,  512    (See  Bacillus  tetani) 

post-mortem  rise  of  temperature 
in,  223 

serum-lreatment  of,  289 
Tetrads,  256 
Thallophyies,  253 
Thermo-annssthesia,  526 
Thermogenesis,  224 
Tliermotaxis,  224 
Thiothrix,  284 
Thorax,  rickety,  400 
Threadworms,  238 

Thrombosis,  195,  197  (l''ig.  109),  199  (Fig. 
no) 

,,         causes  of,  196 
cerebral,  551 
damage  from,  36 
of  heart,  446-(Fig.  . 255),  447 
results  of,  206 
Thrombus,  arterial,  18,  201  (Fig.  in) 
calcification  of,  5o  ' 
canalisation  of,  '203,  205  (Fig. 
114) 

changes  in,  202 
characters  of,  200 
definition  of,  195 
fibrinous,  202 
hyaline,  201 
leucocytic,  202 
obstructive,  201 

organisation  of,  204-205  (Figs. 

113.  114) 
parietal,  201 

production  of  emboli  by,  207 
secondary,  209  (Fig.  117)  ' 
softening  of,  202 

Thrush,  321 

Thymus,  atrophy  of,  25 

Thyroid,  adenom.a  of,  116 

,,      colloid  degeneration  of,  47 
hypertrophy  of,  ii5 
-secretion,  deficiency  of,  510 
Tinea  circinata,  324,  325 
,,     kerion,  324,  325 
sycosis,  324,  326 
tonsurans,  324,  325 
unguium,  324,  326 
,,     versicolor,  324,  326 
Tissues,  bacteria  in,  264,  265 
repair  of,  174-180 
resistance  of,  3,4,  14 
staining  of,  278 
transplantation  of,  180 
Tissue-tension,  140,  143,  175 
Tobacco,  action  of,  183,  513 
Toes,  supernumerary,  7,  12  (Fig,  4) 
Tolu)'lenediaminc,  effects  of,  429 
Tongue,  epithelioma  of,  125 


Tongue  in  fc-M;r,  222 

,,       lymphangioma  of,  86 
wounds  of,  177 
Torula;,  320 

Toxines  causing  amyloid  change,  51,  52 
,,  ,,      fatty  change,  34 

necrosis,  14 
extra-  and  intra-cellular,  274 
nature  of,  276 
Trduce,  507 

Transplantation  of  tissue,  180 
Transposition  of  viscera,  7 
Trematorla,  245 

Trichina  spiralis,  239,(Fig.  135),  241 
Trichinosis,  48,  243 

Trichophyton  tonsurans,  varieties  of,  325 

(Fig.  176) 
Trophic  influence,  26,  528,  544,  565 
Trophoneuroses,  26 
Tropical  abscess  of  liver,  480 
Tube-cultures,  281,  282  (Fig.  150) 
Tubercle-bacillus     (See  Bacillus  tubercu- 
losis) 

Tubercles,  329,  334,  337 
cells  in,  338 

conglomerate,  337,  342 
miliar)-,  336  (Fig.  183),  337 
mucous,  377 
, ,         secondary  changes  in  339 
Tubercular  disease   (.See  1  uberculosisi 

foci,  calcification  of,  60,  62,  340 
meningitis.    344,    360.  361 

(Fig.  199),  362  (Fig.  200) 
osteomyelitis.  367 
periostitis,  367 
"tumours  "  in  brain.  543 
Tuberculin,  289 
Tuberculosis,  329 

acquired  in   utero,  3,  332. 

334 
acute  general,  343 
tetiology  of,  345.  360 
bacillus    of   (iSee  Bacillus 

tuberculosis) 
hereditary  disposition  to,  3, 
345 

in  children,  334 
local,  344 

modes  of  infection  with,  347 
ofalimentary  tract,  333,  364 
of  bones,  364,  367 
of  cartilage.  369 
of  intestine,  364 
"of joints,  367 
of  larynx,  346 
of  lymphatic  glands,  363 
of  lungs  (SeeT.  pulmonary) 
of  pia  mater  and  brain,  360 
of  skin,  333,  371 
of  trachea,  347 
origin  of  infection  in.  331, 

332 

pulmonary,  332.  347-360 
(Figs.  186-198) 
fattv  kidney  in, 
46 

w.asting  in.  26 
spread  of.  342 
Tumor  albus,  370 
Tumours.  67 

absence  of  function  of,  71 
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rumours,  adenoid,  115 

retiology  of,  73 

calcification  of,  62 

cerebral,  541 

  symptoms  of,  543 

,.  ■    characteristics  of,  68 

circumscribed,  69 

classification  of,  80 
. clinical  course  of,  73 

cystic,  136 

effects  of,  72 

glandular,  113 

glandular  infection  in,  71 

hereditaryjature  of,  5,  74 

homologous  and  heterologous, 
69 

independent  growth  of,  68 
infiltration  by,  69  (Fig.  39) 
innocent  and  malignant,  73,  79 
mixed,  94,  n6 

nature  of  secondary  growths,  72, 
77 

of  intestine,  419 
of  spinal  cord,  195 
of  stomach,  408  (Fig.  231) 
parotid,  75,  94.  116 
recurrence  and  generalisation  of, 
7t 

renal,  75 

retrogressive  changes  in,  70 
structure  of,  68 
theories  of,  74-78 
villous,  no 
Turpentine,  action  of,  490 
Tympanites,  423 
Typewriters  cramp,  514 
Typhoid  fever,  409 

bacillus  of  (See  Bacillus 

typhosus) 
complications  of,  410 
diagnosis  of,  306 
immunity  to,  305 
liver  abscess  from,  480 
myelitis  in,  536 
nephritis  in,  491 
repair  of  muscle  in,  177 
ulcers  in,  411,  412  (Figs. 

225-227) 
Zenker's  degeneration  in, 
48  (Fig.  25),  410 
Typhus  fever,  300 
Tyrosin,  486 
Tyrothrix,  261 

ULCER,  annular,  366 

,,      atheromatous,  452 
follicular,  404 
gastric,  408,  409  (Fig.  223) 
perforating,  564 
rodent,  131,  132  (Fig.  79) 
,,      varicose,  14 
Ulcers  as  origin  of  epithelioma,  75,  78 
,,    effects  of  hyperemia  round,  184 
Ulceration,  159 

dysenteric,  416 

of  bronchi,  358 

of  intestine,  409 

of  vermiform  appendi.\,  415 

typhoid,  41 1 

,,      and  tubercular,  367, 

413 


.Ulceration,  typhoid  secondary,  413 
Umbilical  cord,  developmental  defects  in,  lo 
obUteration  of  vessels  in, 
25 

Umbilication  of  new  growths,  36 
Unicellular  organism,  disease  in,  3 
Urachus,  persistent,  10 
Urasniia,  510 
Urea  in  fever,  223 

,,    in  parenchymatous  nephritis,  491 
Urethra,  stricture  of,  6,  408 
Urethral  caruncle,  84 

catarrh,  406,  408 
obstruction,  490 
Urinary  calculi,  502 
Urine,  bloody,  from  Bilharzia,  246 
casts  in,  35,  57,  494 
diabetic,  torute  in,  321 
fermentation  of,  291 
,,     in  amyloid  kidney,  56 
in  fever,  222 

in  pernicious  ancemia,  429 
,,     obstruction  to  How  of,  113 
tubercle-bacillus  in,  278,  332 
Urobilin,  65,  222 
Uterus,  fibroid  of,  81,  87 
hydatid  of,  89 
hypertrophy  of,  140 
involution  of,  33 
,,      myoma  of,  81  (Fig.  41) 
polypus  of,  82 
pressure  of  gravid,  186 
subinvoluted,  143 

VACCINATION  against  cholera,  388 

, ,  , ,     typhoid  fever,  306 

Vaccinia,  300 

Valve,  mitral,  disease  of,  6,  186,  187,  437, 

439  (Fig.  246),  441  (Fig.  249) 
N'alves  of  heart,  endocarditis  of,  439 

,,        ,,      malformation  of,  434 
Varicose  ulcer,  14 

,,  veins  (.See  Veins) 
Variola  acquired  in  utero,  3 

,,     micrococci  in,  300 
Varix,  199 

Vasomotor  nerves,  inhibition  of,  183 

,,  ,,      irritation  of,  182,  184 

Vegetable  parasites,  251 
Veins,  congestion  of,  185 

inflammation  of,  455 
result  of  obstruction  of,  13 
varicose,  456 

pigmentation  from,  63 
,,       thrombosis  of,  199 
,,  ,,       ulcers  from,  14 

VertebrEB,  caries  of,  161 
Vesical  calculus,  502  (Fig.  291),  503 
Vessels,  formation  of  new,  85 
Vibrio  cholenu    (See  Spirillum  cholerre) 

,,    definition  of,  256 
Villous  tumours,  no,  itr  (I''ig.  63) 
Violinist's  cramp,  514 
Vital  energy,  excessive,  143 

, ,       , ,      exhaustion  of,  25 
Voluntary  movements,  nerve-paths  in,  558 

(Fig.  321) 
Vomica,  341,  424    (See  Cavities) 

WALLERI.XN    degeneration,    51:;,  516 
(Fig.  294) 
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Warts,  88.  no  (Kig.  62) 

,,       melanotic-,  65,  1 10 

,,       varieties  of,  1  n 
Waste,  diiniiiishecl,  143 
Waxy  cicgeiiei-ation    (See  Amyloid  degen- 
eration) 
VVeljbcd  fingers  and  toes,  :2 
Wens,  87 

White  leg,  205,  207 
Whitlows,  necrosis  of  tendons  in,  13 
Whooping  cougli,  300 
Widal's  reaction,  305 
Wolflian  body,  atrophy  of,  25 
Women,  special  diseases  of,  4 
Woolsorter's  disease,  302 
Word-blindness,  531 
,,    -deafness,  531 


Work,  effects  of  increased,  34 
Worms,  parasitic,  230 
Wounds,  diphtheria  of,  407 

healing  of,  149 
Writer's  cramp,  514 

XANTHIN,  433 

YEAST-I^LANT,  252 
Yeasts,  253,  320 

ZENKER'S  degeneration,  48  (Fig.  25),  49 
Ziehl-Neelsen  stain,  27B,  279 
Zinc  chloride,  action  of,  170 
Zoogloea,  definition  of,  256 
Zygospore,  323 
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